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FOREWORD 


CONSAD  Research  Corporation,  under  contract  to  the  Illinois  Depart¬ 
ment  of  Transportation,  has  conducted  detailed  railroad  operations  and 
cost  analyses  of  several  proposed  alternatives  for  the  restructuring  of 
physical  facilities  and  operating  patterns  in  the  St.  Louis-East  St.  Louis 
Railroad  Terminal  Area.  This  work  is  an  integral  element  of  Phase  II  of 
a  comprehensive  three  phase  planning  effort  in  the  St.  Louis-East  St.  Louis 
Terminal  Area,  and  has  been  conducted  under  the  supervision  of  a  Railroad 
Technical  Advisory  Committee  comprised  of  representatives  of  the  seventeen 
railroads  operating  in  the  terminal  area.  Along  with  CONSAD,  SEK,  a  joint 
venture  by  Sverdrup  &  Parcel  and  Associates,  Inc.;  Envirodyne  Engineers, 
Inc.;  and  Lester  B.  Knight  and  Associates,  Inc.,  has  performed  engineering 
and  environmental  analyses  related  to  the  restructuring  study. 

•  This  report  is  the  concluding  element  in  a  series  of  CONSAD  work  pro¬ 
ducts  developed  for  Phase  II  of  the  restructuring  study.  Its  purpose  is 
to  describe  the  major  issues  related  to  the  restructuring  effort,  document 
the  methodologies  employed  in  the  analysis  of  railroad  operations  and  costs, 
and  present  the  results  of  these  analyses.  CONSAD  has  also  produced  25 
detailed  working  papers  and  memoranda  related  to  the  conduct  of  this  study. 
These  documents,  with  the  exception  of  those  containing  information  defined 
as  confidential  under  Section  I  of  the  Interstate  Commerce  Act,  are  avail¬ 
able  for  examination  at  the  offices  of  the  Federal  Railroad  Administration, 
Room  5415,  400  Seventh  Street,  S.W.,  Washington,  D.C. 
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EXECUTIVE  SUMMARY 


In  1971,  studies  began  on  an  effort  to  restructure  the  railroad  gateway 
terminal  in  the  St.  Louis  metropolitan  area.  The  three  primary  objec¬ 
tives  of  the  project  were  and  are: 

•  To  provide  opportunities  for  economic  development  in  the  area 

•  To  reduce  railroad /community  conflicts 

•  To  improve  railroad  operational  efficiency  within  the  Gateway. 

Initial  studies,  concluded  in  1974,  resulted  in  a  plan  for  rail  switch¬ 
ing  operations  to  be  consolidated  into  one  major  yard.  This  was  judged 
by  the  railroads  to  be  infeasible.  These  studies  were  followed  by  a  more 
careful,  three-phased  effort  to  produce  feasible  alternatives,  to  make 
detailed  evaluations,  and  to  implement  the  best  plan.  In  1977,  the 
"Phase  I"  efforts  produced  two  plans  which  were  considered  satisfactory. 
Phase  II  studies  were  begun  in  1978  under  the  guidance  of  the  Illinois 
Department  of  Transportation;  a  Railroad  Technical  Advisory  Committee 
(RTAC) ,  composed  of  representatives  of  the  then  17  railroads  operating  in 
the  area;  and  the  Federal  Railroad  Administration  (FRA) . 

Through  their  consultants,  these  parties  have  now  produced  the  detailed 
evaluation  of  the  two  Phase  I  alternatives,  as  well  as  of  one  new  alter¬ 
native  and  of  the  required  "No-Build"  option.  The  evaluations  included 
the  following  elements: 

•  establishment  of  appropriate  subordinate  goals  and  parameters,  and 
compilation  of  a  complete  traffic  data  base  and  environmental 
inventories,  including  projections  to  the  years  1985  and  2000 

•  application  of  sound  analytical  techniques  to  measure  both  the 
performance  and  the  impacts  of  these  alternatives  across  such 
factors  as: 

Railroad  transit  time  through  the  Gateway,  the  reliability  of 
this  transit  time,  and  the  cost  of  operations 

Social,  economic,  environmental  and  energy-related  consider¬ 
ations  . 

The  results  of  these  efforts  show  that: 

•  The  results  of  implementing  any  of  the  Build  Alternatives  are  more 
favorable  with  regard  to  rail  operations  than  is  continuing  with 
the  current  (No-Build)  facilities  and  strategies 

•  The  Three-Yard  Bidirectional  Alternative  shows  the  most  improvement 
when  compared  to  the  No-Build  on  the  bases  of  transit  time,  relia¬ 
bility  and  cost  of  operations 
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•  The  environmental  and  other  impacts  of  the  build  alternatives  are 
generally  preferable  to  those  of  projected  conditions  under  the 
No-Build  case,  and  where  they  are  not,  appropriate  strategies  can 
be  devised  to  mitigate  the  impacts. 

•  The  Three-Yard  Bidirectional  Alternative  generally  has  fewer 
adverse  environmental  impacts  than  the  other  Alternatives. 

This  document  is  part  of  the  Environmental  Impact  Statement  (EIS) ,  which  will 
be  published  to  document  these  studies  and  to  solicit  the  further  input  of  all 
concerned  agencies  and  parties  on  these  findings.  The  RTAC  has  already 
recommended  approval  of  the  Three-Yard  Bidirectional  Alternative  (at  a 
meeting  held  on  February  25,  1981),  conditional  on  resolution  of  certain 
specific  issues,  and  on  the  ratification  of  the  Railroad  Steering  Com¬ 
mittee.  The  basic  issues  yet  to  be  resolved  are  as  follows: 


•  Decisions  on  any  institutional  or  railroad  corporate  changes  which 
should  occur 

•  Definition  of  the  nature  of  the  entity  or  entities  who  would  oper¬ 
ate  any  new  facilities  to  be  constructed  (a  New  Yard  under  the 
Three-Yard  Alternatives,  and  a  new  common  Trailer-on-Flatcar  Yard 
under  both  the  Two-Yard  and  the  Three-Yard  Alternatives) 

•  Decisions  on  the  order  in  which  improvements  should  be  undertaken, 
with  those  actions  having  the  least  adverse  environmental  impacts 
and  the  most  attractive  rates-of -return  on  a  stand-alone  basis  being 
most  likely  to  occur  early 

•  Decisions  on  the  financing  strategy  for  the  project  and  its  ele¬ 
ments.  The  FRA  has  indicated  that  its  funding  for  the  project 
would  most  likely  be  in  the  form  of  preference-share-purchase  (a 
form  of  low-interest  loans  authorized  under  Section  505  of  the  Rail 
Revitalization  and  Regulatory  Reform  Act  of  1976) .  The  extent  and 
nature  of  other  financing  has  yet  to  be  determined,  but  individual 
railroad  and  public  agency  funding  of  specific  project  elements 
would  hasten  implementation. 

Careful  review  of  the  studies  which  have  been  performed  is  key  to  under¬ 
standing  this  complex  and  valuable  project.  The  Draft  EIS  and  its 
accompanying  Technical  Supplements  provide  documentation  of  the  studies 
and  evaluations  performed.  The  rail  operational  and  cost  analyses  are 
summarized  in  the  attached  report. 
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1.0  INTRODUCTION  AND  SCOPE 


1.1  Introduction 

The  St.  Louis  Metro  Area  Rail  Gateway  Enterprise  (MARGE)  study  had 
its  contemporary  origins  in  1971  with  a  request  from  the  East-West  Gate¬ 
way  Coordinating  Council  to  the  FRA  to  "restructure"  the  railroads  in 
the  St.  Louis  Terminal  Area.  The  request  arose  from  concerns  about  the 
economic,  social,  and  environmental  problems  of  the  area.  The  result  of 
that  request  was  a  study  which  recommended  the  consolidation  of  all  road 
train  switching  into  a  single  large  yard.  Evaluation  of  that  recommen¬ 
dation  by  the  railroads  involved  at  that  time,  resulted  in  rejection  of 
the  plan.  The  recommended  facility  was,  at  a  minimum,  twice  as  large  (meas¬ 
ured  in  either  length  or  cars  handled)  as  any  facility  in  the  United  States, 
and  involved  the  application  of  operating  strategies  and  technologies  either 
untried  or  unproven.  With  this  rejection,  the  railroads  recognized  a  need 
to  provide  a  workable  alternative  to  the  study  recommendation.  The  rail¬ 
roads  met  that  need  by  working  with  the  Federal  Railroad  Administration  (FRA) 
to  develop,  with  the  assistance  of  a  contractor,  the  Phase  I  Study  (An  Anal¬ 
ysis  of  the  Terminal  Restructuring  Plan  -  Phase  I,  December  1977,  CONSAD  Re¬ 
search  Corporation) . 

The  Phase  I  study  resulted  in  the  Railroad  Technical  Advisory  Com¬ 
mittee  (RTAC)  identifying  a  three-yard  configuration  as  most  feasible, 
with  sixteen  of  the  seventeen  involved  railroads  concurring  with  the  selec¬ 
tion.  The  seventeenth,  Missouri  Pacific,  favored  a  two-yard  configuration. 
Based  on  the  traffic  loads  anticipated  at  the  two  major  classification 
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yards  in  the  Phase  I  horizon  year,  1990,  the  three-yard  configuration 
with  directional  operation  appeared  to  be  most  efficient.  The  two-yard 
configuration  in  Phase  I  was  conceived  to  be  able  to  function  only  in  a 
directional  operating  strategy,  since  one  of  the  two  common  yards  could 
not  be  reasonably  expanded  to  handle  the  required  birdirectional  traffic 
volume . 

The  Phase  II  Study  was  undertaken  by  the  Illinois  Department  of 
Transportation  (IDOT)  for  FRA.  IDOT  engaged  two  primary  contractors, 

CONSAD  Research  Corporation  and  SEK,  a  joint  venture  by  Sverdrup  &  Parcel 
and  Associates,  Inc.;  Envirodyne  Engineers,  Inc.;  and  Lester  B.  Knight  and 
Associates,  Inc.  CONSAD' s  role  in  Phase  II  was  to  perform  detailed  opera¬ 
tions  analyses  of  the  rail  restructuring  plans  selected  in  Phase  I,  to 
perform  detailed  costing  studies  of  the  operations  in  order  to  provide 
information  for  the  railroads  which  would  assist  them  in  selecting  an  alter¬ 
native  for  restructuring,  and  to  provide  necessary  input  to  SEK  for  their 
preparation  of  an  Environmental  Impact  Statement.  SEK  performed  the  rail 
(and  related  highway)  engineering,  capital  cost  estimation,  and  analysis 
of  project  impacts. 

The  definition  of  the  key  parameters  of  the  CONSAD  portion  of  the 
Phase  II  study  was  the  first  step  in  the  analytical  process.  Jointly, 
with  IDOT  and  the  RTAC ,  CONSAD  established  the  parameters  discussed  below. 

The  Two-Yard  Directional  Alternative  and  the  Three-Yard  Directional 
Alternative  were  initially  selected  for  analysis.  Based  on  study  findings 
and  their  implications  with  regard  to  the  directional  strategy,  a  bidirec¬ 
tional  strategy  for  the  three-yard  configuration  was  also  examined  in 
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detail.  The  definition  of  the  base  case,  "No  Build"  Alternative,  was 
agreed  upon  as  being:  The  operation  of  the  terminal  area  in  future  years, 
according  to  the  same  strategies  and  with  the  same  facilities,  under  the 
same  organizational  structure  as  today,  and  handling  the  same  inbound 
and  outbound  traffic  as  assumed  for  the  Build  Alternatives,  with  the 
exception  of  improved  management  information  system  interface  and  recog¬ 
nizing  the  potential  impact  that  pending  mergers  may  have  on  operations 
in  the  study  area. 

The  basic  horizon  year  for  planning  was  chosen  to  be  2000.  At  the 
request  of  RTAC,  CONSAD  agreed  to  examine  operations  in  the  year  1985 
so  that  a  shorter  term  picture  would  be  clear  to  all  participants.  It 
was  understood  that  the  physical  restructuring  proposed  would  probably 
not  be  completed  by  the  year  1985,  and  that  the  Environmental  Impact  State¬ 
ment  would  address  itself  to  year  2000  conditions  only. 

In  order  to  determine  the  growth  (or  decline)  that  traffic  through 
the  study  area  might  experience  between  the  1979  data  base  year  and  the 
1985  and  2000  horizon  years,  each  railroad  was  asked  to  furnish  growth 
projections  for  three  classes  of  traffic:  unit  trains  (primarily,  but  not 
exclusively,  coal);  Trailer /Container-on-Flatcar  (TOFC/COFC);  and  general 
merchandise. 

The  data  base  used  in  Phase  I  was  deemed  to  be  inadequate  for  the 
purposes  of  the  Phase  II  study.  The  individual  RTAC  representatives  indi¬ 
cated  that  historical  data  in  the  form  requested  was  virtually  unattainable 
in  machine  readable  form.  The  result  was  the  selection  of  Friday,  March  30, 
1979  as  the  data  base  day.  The  date  proved  to  be  as  close  to  ideal  for  the 
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purposes  of  this  study  as  could  be  imagined.  While  no  day  is  necessarily 
representative  for  all  roads,  the  day  was  found  to  be  heavy,  with  rela¬ 
tively  few  random  interruptions  (derailments,  etc.). 

A  common  TOFC/COFC  intermodal  facility  had  been  examined  in  Phase  I 
at  a  relatively  low  level  of  detail.  CONSAD  recognized  the  implication  of 
this  and  collected  detailed  field  data  on  intermodal  operations  immediately 
after  March  30,  1979  study  date  so  as  to  be  able  to  apply  the  best  anal¬ 
ysis  techniques  to  this  sensitive  area. 

The  primary  goals  of  the  restructuring  effort  were  threefold: 

•  To  provide  opportunities  for  community  economic 
development ; 

•  To  reduce  railroad /community  conflicts;  and 

•  To  improve  railroad  efficiency  within  the  St. 

Louis  Terminal  Area. 

These  goals  were  the  focus  of  CONSAD' s  efforts.  A  result  of  the 
striving  to  attain  these  goals  was  the  establishment  of  subordinate  goals 
more  directly  linked  to  railroad  operations.  For  example,  the  goal  of 
providing  opportunities  for  development  translates  into  restructuring  rail 
operations,  shifting  them  into  geographic  areas  less  suited  for  other 
development,  and  moving  rail  operations  out  of  those  areas  perceived  to 
be  highly  suited  for  non-rail  development.  Specifically,  the  expansion 
of  Gateway  Yard  in  a  southeasterly  direction,  the  expansion  of  Madison  Yard 
or  the  construction  of  New  Yard  in  the  general  area  between  Q  Tower  and  CP 
Junction  (see  Exhibit  1.1-St.  Louis  Marge  Exhibit  A) ,  and  the  freeing  of  river¬ 
front  property  now  occupied  by  the  Baltimore  and  Ohio  (BO),  the  Louisville 
and  Nashville  (LN)  ,  and  the  Terminal  Railroad  Association  of  St.  Louis  (TRRA) 
have  been  identified  as  being  consistent  with  the  development  objective. 
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On  the  other  hand,  it  has  been  harder  to  establish  subordinate  goals 
consistent  with  the  primary  goal  of  reducing  rai lroad/community  conflicts 
because,  for  example,  expansion  of  some  yards  increases  the  conflict 
between  these  two  sectors.  This  has  been  addressed  by  the  proposal  to 
construct  17  to  18  grade-separation  structures  in  the  terminal  area. 

Finally,  the  goal  to  improve  railroad  efficiency  within  the  St. 

Louis  Terminal  Area  has  been  translated  into  several  subordinate  goals 
which  area  readily  measurable,  and  hence  readily  comparable  among 
alternatives.  The  first  subordinate  goal,  expressed  at  the  first 
Railroad  Steering  Committee  (RSC)  meeting,  was  to  reduce  the  number  of 
times  a  car  is  handled  (switched)  between  origin  and  destination. 

Another  subordinate  goal,  expressed  at  the  same  RSC  meeting,  was  to 
improve  corridor  operations.  Throughout  Phase  I  and  Phase  II,  the 
railroad  companies  have  expressed  the  view  that  operations  within  the  St. 
Louis  Terminal  Area  are,  at  present  levels,  excessively  costly, 
unreliable,  and  slow.  These  terms,  cost,  reliability,  and  speed,  are 
quantifiable,  and  hence  can  be  compared  among  various  restructuring 
alternatives . 

1.2  Scope  of  Phase  II  Study 

The  study  of  rail  operations  in  St.  Louis,  once  the  parameters  were 
defined,  turned  toward  a  definition  of  the  study  area.  Due  to  the 
complex  relationship  that  can  exist  between  line-haul  operations  and 
terminal  operations,  it  is  inappropriate  to  define  rigid  boundaries  for 
the  study  of  a  rail  terminal  area.  The  general  boundaries  decided  upon 
were  Bixby  (Illinois  Central  Gulf  (ICG )-Missouri  Pacific  (MP)  Crossing) 
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on  the  south,  the  several  junctions  of  the  Alton  and. Southern  main  line 
with  line-haul  carriers  on  the  east  and  northeast,  Missouri-Kansas-Texas 
(MKT)  Baden  Yard  on  the  north,  and  7RRA  Carrie  Avenue  Yard  and  MP-TRRA- 
St.  Louis-San  Francisco  (SLSF) -Norfolk  and  Western  (NW)  Grand  Avenue  on 
the  west.  In  general,  operations  within  these  boundaries  were  considered 
to  be  within  the  study  area. 

The  analytical  scope  of  railroad  operations  analysis  within  these 
geographic  boundaries  were  varied  as  to  level  of  detail  and  amount  of  data 
collected  and  analyzed.  Operations  that  were  common  in  nature,  such  as 
joint  or  multi-carrier  yards  (Gateway,  Madison,  New  Yard)  were  examined 
in  great  detail.  Yards  falling  within  the  geographic  study  area,  but 
operated  by  and  for  a  single  line-haul  carrier  were  grouped  in  a  category 
called  "home  yards".  These  were  studied  in  some  detail  within  the  No 
Build  Alternative,  since  they  would  have  to  handle  the  overflow  from  the 
common  yards,  but  within  the  Build  Alternatives  were  studied  only  to  the 
extent  their  function  impacted  on  either  rail  operations  in  the  common 
yards,  or  the  freeing  of  rail-occupied  land  for  redevelopment.  Corridors 
used  solely  by  one  or  two  carriers  under  both  the  No  Build  and  Build  Al¬ 
ternatives,  in  approximately  the  same  way,  and  seen  as  having  no  major 
role  in  restructured  corridor  operations  were  considered  in  less  detail. 
Corridors  that  fed  the  major  common  switching  facilities  were  studied  in 
detail,  with  upgrading  often  considered  in  the  Build  Alternatives.  The 
operation  of  the  joint  TOFC/COFC  facility  was  studied  in  great  detail; 
on  the  other  hand,  the  operation  of  individual  TOFC/COFC  facilities  that 
were  operated  by  carriers  who  did  not  indicate  a  desire  to  participate  in 
the  common  facility  were  examined  in  a  more  cursory  manner. 
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Both  the  railroads  and  the  communities  involved  have  a  strong  desire 
to  improve  the  usage  patterns  of  the  riverfront  land.  Conflicts  between 
communities  and  railroads  are  well  documented.  The  desire  of  the  com¬ 
munity  and  the  railroads  to  lessen  their  impacts  on  each  other  is  also 
strong.  The  desire  of  the  railroads  to  avoid  the  congestion,  inefficiency, 
expense,  and  unreliability  of  the  study  area  rail  network  has  historically 
motivated  several  pure  rail  operating  changes.  The  common  starting  point 
for  satisfying  all  of  these  desires  is  the  effective  restructuring  of  rail 
operations  in  the  study  area. 

It  must  be  pointed  out  that  not  all  of  the  improvements  in  operation 
in  the  St.  Louis  Terminal  Area  will  result  from  facility  changes.  Many  of 
the  changes  hypothesized  in  Phase  II  require  new  institutional  arrangements, 
such  as  the  implementation  of  trackage  rights.  The  exact  nature  of  such 
institutional  changes  is  beyond  the  scope  of  CONSAD's  work.  The  change 
must,  however,  allow  the  hypothesized  operations  to  occur.  If  the  insti¬ 
tutional  changes  do  not,  for  example,  allow  certain  trains  to  use  certain 
corridors  to  reach  the  common  yard,  then  either  provision  must  be  made  to 
use  other  corridors,  or  to  handle  the  train  at  another  common  facility  or 
home  yard.  In  either  case,  the  alternative  scheme  may  result  in  higher 
operating  cost,  or  less  effective  movement  (less  reliable  or  slower)  of 
the  cars.  In  all  fairness,  there  may  be  cases  where  alternative  routing 
and/or  handlings  are  beneficial.  It  is  anticipated,  however,  that  the 
failure  to  provide  institutional  arrangements  suitable  for  the  operations 
described  under  the  various  Build  Alternatives  will  provide  for  less  effec¬ 
tive  restructured  rail  operations. 
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Within  the  study’s  geographic  and  analytic  scope,  and  mindful  of 
the  limitations  this  places  on  the  study,  the  ultimate  aim  of  CONSAD's 
efforts  was  to  analyze  railroad  operations  under  each  of  the  several 
proposed  alternatives  for  restructuring  physical  facilities  and  opera¬ 
ting  patterns  in  the  St.  Louis  Terminal  Area;  and  thereby  provide 
measures  of  the  operational  and  cost-effectiveness  of  the  various 
alternatives.  These  measures  of  effectiveness  could  then  serve  as 
valuable  input  to  the  process  of  determining  which  restructuring  alter¬ 
native  would  best  meet  the  goals  established  for  the  restructuring 
effort,  which  would  be  the  first  step  toward  the  selection  and  eventual 
implementation  of  a  plan  to  deal  with  the  problems  in  the  study  area. 
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2.0  ALTERNATIVE  RESTRUCTURING  PLANS 


2.1  Current  Situation 

Rail  operations  in  the  study  area  are  divided  geographically  by  the 
Mississippi  River,  which  is  also  the  state  boundary  between  Missouri  on 
the  west  and  Illinois  on  the  east.  The  operations  are  also  divided, 
institutionally,  among  17  railroad  companies  and  the  City  of  St.  Louis, 
Missouri,  which  owns  and  controls  the  operation  of  the  MacArthur  Bridge 
Commission. 

Rail  operations  on  the  west,  or  Missouri,  side  are  conducted  pre¬ 
dominantly  by  Burlington  Northern  (BN),  Missouri  Pacific  (MP) ,  St.  Louis- 
San  Francisco  (SLSF) ,  Chicago,  Rock  Island  and  Pacific  (CRIP),  Norfolk  and 
Western  (NW) ,  and  Missouri-Kansas-Texas  (MKT),  which  are  Class  I  line- 
haul  carriers,  and  the  Manufacturers  Railway  Company  (MRS)  and  Terminal 
Railroad  Association  of  St.  Louis  (TRRA) ,  which  are  switching  carriers. 

The  major  yards  on  the  Missouri  side  are  operated  by  Missouri  Pacific 
(12th  Street),  St.  Louis-San  Francisco  (Lindenwood)  and  Norfolk  and  Wes¬ 
tern  (Luther),  with  other  carriers  operating  several  lesser  yards.  The 
major  rail  terminal  functions  performed  on  the  Missouri  side  are  the 
make-up  and  break-up  of  trains  by  each  of  the  roads  in  their  own  faci¬ 
lities  and  industrial  switching,  performed  primarily  by  MP,  NW,  AND 
TRRA.  Interchange  of  traffic  between  railroads  on  the  west  side  is 
limited . 

The  balance  of  the  railroads  operating  in  the  study  area  have  yard 
facilities  on  the  east,  or  Illinois,  side.  Missouri  Pacific,  Norfolk 
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and  Western,  and  Terminal  Railroad  Association  of  St.  Louis  also  have 
facilities  in  Illinois.  Each  road  operating  on  the  Illinois  side  performs 
train  make-up  and  break-up  in  its  own  facilities,  except  the  Norfolk  and 
Western.  TRRA  performs  most  of  the  industrial  switching  on  the  east  side. 
Interchange  between  carriers  on  the  east  side  is  primarily  performed  by 
the  Alton  and  Southern  (AS)  and  TRRA,  although  several  pairs  of  line-haul 
carriers  have  direct  connections  with  one  another.  Exhibit  2.1  shows  the 
rail  carriers  operating  in  the  study  area,  along  with  the  yard  each  oper¬ 
ates  and  the  direct  connnections  each  has. 

The  traffic  entering  the  study  area,  for  the  purpose  of  the  overall 
restructuring  study,  consists  of  blocks  of  cars  on  freight  trains  operated 
by  the  line-haul  railroads.  The  passenger  traffic  in  the  area,  ten  or 
less  trains  per  day,  is  not  a  major  consideration  in  restructuring, 
although  existing  passenger  train  routes  have  been  identified  and  the 
maintenance  of  these  routes  for  passenger  traffic  has  been  an  objective. 
Freight  trains  fall  into  three  categories:  1)  run-thru  trains,  i.e.  trains 
which  require  no  switching  in  the  study  area;  2)  preblocked  trains,  that 
is,  trains  whose  cars  are  in  groups,  or  blocks,  so  that  minimal  handling 
is  required  to  move  the  cars  to  a  destination;  and  3)  switch  trains,  which 
must  be  broken  up  into  individual  cuts  of  cars  and  reassembled  with  other 
switch  and  preblocked  train  traffic  for  subsequent  movement.  Due  to  the 
varying  business  levels  in  the  rail  industry,  run-thru  train  sometimes 
include  blocks  to  be  set  off  at  intermediate  points,  and  preblocked 
trains  often  include  one  or  more  blocks  of  switch  traffic.  Thus,  the 
distinctions  among  these  three  categories  of  trains  are  somewhat  vague. 
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Exhibit  2.1:  Railroad  Operating  in  the  Study  Area 


2.3 


Footnotes  found  on  following  page. 


Footnotes  to  Exhibit  2.1:  Railroads  Operating  in  the  Study  Area 


2, 

3, 

4, 

5. 

6 . 

7, 

8, 
9, 

10. 

11. 


12, 


Part  of  Chessie  System  -Chessie  and  Family  Lines  formed  CSX  holding 
company  1980. 

Merged  with  SLSF  -  1980 

Ceased  operations  March  1980  -  acquired  by  SSW  1980. 

Announced  liquidation  1980  -  to  be  acquired  by  NW.(see  note  13) 

Part  of  Family  Lines  -Family  Lines  and  Chessie  formed  CSX  holding 
company  -  1980 

MP  and  Union  Pacific  have  filed  a  merger  application. 

NW  and  SOU  have  announced  merger  plans. 

Merged  with  BN  -  1980 

Acquired  RI  St.  Louis  -  Tucumcari,  NM  line  -  1980. 

SOU  and  NW  have  announced  merger  plans. 

Yards  as  shown  in  SRI  report  FRA/ORD-76/304  "Railroad  Classification 
Yard  Technology"  July  1976  Final  Report,  with  local  names  shown  for 
clarity  in  reference  in  this  report. 

Operations  ceased  1978. 


13.  Current  (1980) 

Illinois 

Terminal  ownership. 

Chessie 

1/11 

RI 

1/11 

MP 

1/11 

CR 

1/11 

BN 

1/11 

NW 

2/11 

ICG 

2/11 

CKW 

1/11 

SLSF 

1/11 

14.  Current  (1980) 

Terminal 

Railroad  Association 

of  St.  Louis  o\ 

Chessie 

1/16 

MKT 

1/16 

BN 

1/16 

MP 

3/16 

RI 

1/16 

S? 

1/16 

CR 

2/16 

SLSF 

1/16 

ICG 

2/16 

SOU 

Family  Lines 

1/16 

NW 

1/16 

15.  From  "The  Official  Railway  Equipment  Register 

"  October  1977 

Not  all  direct  connections  shown  are  used  for  interchange  regularly 
Various  intermediate  arrangements  are  used  (i.e.  SLSF-AS  via  MP) . 
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In  general,  an  inbound  switch  or  preblocked  train  of  a  line-haul 
carrier  operates  into  that  railroad’s  study  area  facility,  referred  to 
herein  as  a  home  yard.  At  that  home  yard,  the  road  engines  and  caboose 
are  detached  and  placed  in  appropriate  servicing  facilities.  In  the  case 
of  switch  trains  (or  switch  blocks  on  preblocked  trains)  the  switching  is 
accomplished  so  that  the  local  industry  cars  are  available  to  local  indus¬ 
try  crews,  the  direct  connection  cars  are  available  for  movement  to  the 
direct  connection,  and  the  balance  of  the  cars  are  available  for  movement 
to  one  of  the  switch  carriers,  who  acts  as  an  intermediary  between  the  in¬ 
bound  line-haul  carrier  and  the  outbound  line-haul  carrier.  These  cars 
are  then  transferred  to  the  switch  carrier,  who  separates  them  into  clas¬ 
sifications  for  further  movement.  The  cars  are  then  transferred  to  the 
home  yard  of  the  outbound  carrier,  where  they  are  incorporated  into  out¬ 
bound  trains.  The  result  of  this  effort  is  that  these  cars  are  generally 
switched  three  times  within  the  study  area.  Cars  arriving  in  blocks  not 
requiring  switching  in  the  inbound  carriers'  home  yard  move  to  the  switch 
carrier,  or  to  an  outbound  carrier  directly,  and  thus  require  one  or  two 
fewer  handlings.  This  results  in  reduced  expense  and  time  involved  in 
study  area  handling;  however,  in  most  cases  these  savings  are  offset  by 
somewhat  greater  time  switching  expense  incurred  at  the  line-haul  carriers 
facility  where  the  blocks  were  made. 

The  carriers  operating  through  the  study  area  have  directed  their 
efforts  toward  reducing  the  number  of  times  each  car  must  be  handled 
(switched)  while  moving  through  the  terminal  area.  These  efforts  have 
resulted  in  run- thru  trains  such  as  Conrail's  train  INCB  which  operates 
from  Indianapolis,  Indiana  to  Pine  Bluff,  Arkansas  with  the  normal  hand¬ 
ling  required  in  the  study  area  being  to  provide  corridor  trackage  and  a 
place  to  change  crews,  and  preblocked  trains  such  as  Conrail's  train 
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IMTR  which  has  a  block  each  for  NW  Luther  Yard,  MKT  Baden  Yard,  and  TRRA 
Madison  Yard.  The  cars  moving  on  INCB  do  not  require  switching  at  all 
in  the  study  area,  and  the  cars  in  the  NW  and  MKT  blocks  of  INTR  require 
switching  only  once  in  the  study  area.  The  cars  in  the  TRRA  Madison 
block  will  normally  require  switching  at  Madison  and  at  an  outbound  road 
home  yard,  or  at  a  study  area  industry  yard,  cefore  forwarding. 

The  result  of  the  type  of  improvements  cited  above  has  been  twofold. 
The  first,  and  probably  desired  result,  has  been  a  reduction  in  the  transit 
time  and  expense  of  moving  the  cars  in  the  run-thru  and  blocks  through  the 
study  area.  The  second  result,  which  is  probably  undesired,  but  equally 
unavoidable,  given  the  expense  levels  associated  with  the  handling  of 
cars  described  in  the  general  case,  has  been  that  traffic  moving  through 
the  study  area  is  subject  to  wide  variances  in  transit  time.  In  the  case 
of  a  car  that  should  have  moved  in  a  run-thru  train  that  is  actually 
handled  in  a  switch  block  or  train,  the  transit  time  can  increase  from, 
for  example,  three  hours  to  three  days.  This  dispersion  of  transit  times 
has  tended  to  cause  the  study  area  rail  operation  to  be  viewed  as  an 
unpredictable  bottleneck  that  should  be  eliminated. 

For  several  reasons,  the  rail  facilities  in  the  study  area  have  not 
been  improved  at  the  rate  which  would  be  desired  to  provide  for  facilities 
capable  of  effectively  handling  increased  levels  of  traffic.  Alton  and 
Southern  modified  Gateway  Yard  in  the  1950’s  and  early  1960's  into 
a  hump  yard  from  a  flat  yard,  and  then  from  a  single  hump  to  a  dual  hump 
in  the  middle  1970's.  A&S  also  improved  corridors  under  its  control  with 
the  installation  of  welded  rail.  However,  the  basic  designs  of  the  corri¬ 
dors  and  yards  within  the  terminal  is  such  that  larger  cars  and  longer 
trains  have  taxed  these  facilities  beyond  the  point  of  efficiency.  The 
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multiplicity  of  handlings  has  made  the  cost,  both  in  terms  of  time  and 
money,  of  moving  cars  through  the  study  area  high.  This,  along  with  the 
combination  of  a  wide  dispersion  off  transit  times,  obsolete  yard  and 
corridor  designs,  and  expensive  switching  charges,  has  resulted  in  making 
the  St.  Louis-East  St.  Louis  Terminal  Area  a  place  to  be  avoided,  if 
reasonably  possible. 

2.2  Future  Restructuring  Alternatives 

The  Railroad  Steering  Committee  (RSC)  goal  of  decreasing  the  num¬ 
ber  of  times  a  car  is  handled  between  origin  and  destination  was  per¬ 
ceived  to  be  best  met  by  reducing  the  number  of  times  the  car  was  switched 
in  the  study  area.  The  purpose  of  the  many  handlings  in  the  current  oper¬ 
ation  is  to  subdivide  the  classification  load  so  that  each  yard  makes  only 
a  small  number  of  classifications.  The  number  of  final  outbound  classi¬ 
fications  on  most  inbound  trains  exceeds  the  number  of  classifications  made 
at  the  inbound  yard.  Therefore,  the  logical  manner  of  restructuring  to 
reduce  car  handlings  is  to  provide  an  inbound  yard,  or  yards,  with  suffi¬ 
cient  classification  capability  to  put  as  many  cars  as  possible  into  their 
final  outbound  block. 

The  proposals  advanced  in  the  Phase  I  Study  are  remarkably  similar, 
in  spite  of  the  names,  Two-Yard  and  Three-Yard.  Each  plan  provides  two 
facilities,  each  large  enough  to  handle  roughly  half  of  the  potential 
common  yard  switching  loads.  Each  common  yard  must  be  able  to  receive 
inbound  road  trains  and  classify  the  outbound  blocks  necessary  to  run 
outbound  road  trains  from  that  yard. 

The  primary  factor  defining  the  difference  between  the  alternatives 
is  the  common  yards.  The  corridor  system,  and  the  TOFC  facilities,  are 
essentially  dependent  on  these  yards.  Between  restructuring  alternatives 
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the  coEmon  yards  may  differ  with  respect  to  both  their  physical  faci¬ 
lities  and  their  projected  traffic  loads.  Summaries  of  the  physical 

characteristics  and  traffic  loads  for  each  common  yard  under  each  restruc- 

¥ 

turing  alternative  are  presented  in  Exhibit  2.2  and  2.3,  respectively. 

2.2.1  No  Build 

The  No  Build  Alternative  for  restructuring  rail  operations  in  the 
St.  Louis-East  St.  Louis  area  assumes  that  the  only  changes  that  will 
occur  are  those  that  result  from  increased  traffic  levels  based  on  the 
growth  projections  of  the  railroads,  and  from  improved  management  infor¬ 
mation  systems,  such  as  the  Freight  Car  Scheduling  Program.  No  specific 
changes  in  physical  plant  or  operating  strategies  are  assumed  in  the  No 
Build  Alternative. 

The  increased  traffic  levels  will  allow  an  increase  in  preblocking 
in  a  few  cases,  and  will  probably  result  in  a  small  increase  in  the  num¬ 
ber  of  run-thru  trains  and  a  larger  increase  in  the  number  of  unit 
trains.  The  increase  in  the  number  of  unit  trains,  primarily  carrying 
coal,  reflects  a  belief  that  coal  consumption  in  the  Nation,  therefore 
unit  trains  passing  through  the  St.  Louis  area,  will  increase. 

The  current  common  yard  switching  facilities  consist  of  TRRA  Madi¬ 
son  Yard  and  AS  Gateway  Yard.  Each  functions  as  a  bidirectional  yard, 
that  is,  since  the  two  switching  carriers  operate  in  an  independent  and 
competitive  mode,  each  yard  receives  road  trains  and  transfers  from  all 
directions.  The  two  yards,  and  switch  carriers,  normally  function  com¬ 
petitively  and  independently  of  one  another.  However,  when  a  brief  surge 
in  traffic  or  an  accident  temporarily  impairs  the  efficiency  of  one  fa¬ 
cility,  the  line-haul  carriers  who  can  do  so  shift  some  portion  of  their 
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Exhibit  2.2:  Physical  Characteristics  of  Common  Yards  by  Alternative 
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Exhibit  2.3:  Projected  Common  Yard  Traffic  by  Alternative 


Daily  Traffic  Loads 

Year  Alternative 

Yard 

Inbound  Trains 

Outbound  Trains 

Number  of 

Cars  to  Switch 

1985  No  Build 

Gateway 

29 

29 

1995 

Madison 

29 

32 

1450 

Two-Yard 

Gateway 

44 

52 

3243 

Directional 

Madison 

33 

42 

2060 

Three-Yard 

Gateway 

49 

55 

3357 

Directional 

New  Yard 

34 

46 

2342 

Madison 

22 

25 

833 

Three-Yard 

Gateway 

42 

48 

2767 

Bidirectional 

New  Yard 

35 

42 

2320 

Madison 

22 

25 

833 

!  2000  No  Build 

Gateway 

30 

35 

2313 

Madison 

25 

33 

1707 

Two-Yard 

Gateway 

44 

51 

4017 

Directional 

Madison 

34 

49 

2548 

Three-Yard 

Gateway 

50 

55 

4207 

Directional 

New  Yard 

37 

46 

3214 

Madison 

23 

25 

1013 

Three-Yard 

Gateway 

42 

47 

3352 

Bidirectional 

New  Yard 

37 

40 

3187 

Madison 

23 

25 

1013 

Note : 


There  would  be  a  significantly  larger  number  of  home  yard  car  switches 
under  the  No  Build  Alternative  than  under  any  of  the  Build  Alternatives. 
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traffic  from  one  switch  carrier  to  the  other.  The  frequent  result  of 
this  type  of  shift  is  to  eventually  impair  the  efficiency  of  that  other 
carrier's  operations. 

TRRA  Madison  Yard  is  a  side-by-side  single  hump  facility  that  also 
serves  as  an  industrial  support  yard  for  industries  located  in  the  north¬ 
ern  portion  of  the  east  side  of  the  study  area.  The  major  industry  sup¬ 
ported  directly  from  Madison  is  the  National  Steel  Corporation's  Granite 
City  Steel  complex,  consisting  of  mill  and  blast  furnace  divisions.  The 
nature  of  the  steel  business  requires  that  the  railroad  serving  the  com¬ 
plex  hold  various  accumulations  of  cars  for  the  steel  company,  for  exam¬ 
ple,  coal,  coke,  iron  ore,  and  empty  finished-steel  cars.  These  accumu¬ 
lations  can  exceed  400  cars  at  any  one  time.  The  other  types  of  indus¬ 
trial  activity  supported  from  Madison  Yard  includes  fertilizer,  railroad 
cross  tie  treatment,  scrap  dealers,  and  metal  processing.  Each  of  these 
industrial  activities  can,  from  time  to  time,  generate  substantial  back¬ 
logs  of  inbound  cars.  Thus,  Madison  Yard  and  the  surrounding  supporting 
or  sub-yards  (Carworks  Yard,  Hookey  Yard,  Freight  Mains,  and  Eastern 
Connection  Yard)  function  not  only  as  train  and  interchange  yards,  but 
as  important  industrial  support  and  holding  facilities. 

The  hump  operation  at  Madison  Yard  commenced  in  1975.  Prior  to 
that  time,  Madison  was  a  large  flat-switching  yard.  As  presently  oper¬ 
ated,  Madison  Yard  consists  of  11  receiving  tracks,  3  receiving/depar¬ 
ture  tracks,  26  departure/industrial  tracks  and  40  bowl  tracks.  There 
is  a  single  lead  over  the  hump  on  the  north  end  of  the  yard,  connected 
to  two  parallel  hump  approach  leads  which  lead  to  the  Merchants  Bridge. 
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The  approach  to  the  Merchants  Bridge  must  be  used  when  humping  cuts 
greater  than  approximately  50  cars  in  length,  a  practice  which  has  often 
led  to  congestion  of  bridge  traffic.  There  are  two  pullout  leads  on  the 
south  end  of  the  yard,  running  through  a  complex  called  CP  Junction, 
which  is  the  crossing  of  two  lines  of  the  ITC  (used  by  CNW  and  ICG  as 
well  as  ITC)  and  one  line  of  NW  (currently  out  of  service)  with  the  junc¬ 
tion  of  four  lines  of  the  TRRA  (SH-CP;  CP-Willows;  CP-Bridge  Junction/ 

CD;  and  CP-Wiggins). 

A&S  Gateway  Yard  is  a  folded,  in-line  double  hump  operation.  The 
hump  operation  was  commenced  in  the  early  1960's,  and  the  second  hump 
was  placed  in  operation  in  the  early  1970' s.  The  receiving  yard  of  16 
tracks  lies  on  the  north  side  of  the  yard,  connected  by  two  curved  leads 
to  the  dual  hump.  The  bowl  contains  54  tracks,  which  are  connected  to 
the  12  departure  tracks  by  four  pullout  leads.  Seven  of  the  departure 
tracks  are  effectively  continuations  of  the  pullout  leads,  while  the 
other  five  are  parallel  to  the  bowl,  reached  in  a  pull-shove  operation. 

The  major  function  performed  is  the  receipt,  classification  and 
dispatch  of  road  trains  of  several  line  haul  carriers,  and  the  similar 
receipt  and  dispatch  of  transfers.  Interchange  of  cars  is  accomplished 
by  their  being  switched  in  Gateway.  There  is  also  a  modest  amount  of 
industrial  activity  supported  from  Gateway,  using  the  facilities  de¬ 
scribed  above. 

The  corridors  of  TRRA  and  AS  are  generally  "yard  limit  operations" 
(20  MPH  maximum  speed)  supervised  by  dispatchers  and  yardmasters,  who 
primarily  control  trains  by  use  of  radio,  telephone,  and  instructions  to 
operators  of  manned  interlocking  towers  and  junctions.  Most  of  these 
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corridors  have  a  relatively  high  density  of  street  crossings  at  grade 
with  the  railroads. 

These  are  no  common  or  joint  TOFC/COFC  facilities  in  the  study  area 
Each  line-haul  carrier  in  the  study  area  operates  at  least  one  TOFC/ 

COFC  facility,  except  the  Illinois  Terminal,  which  does  not  participate 
in  TOFC/COFC  business  as  an  originating  or  terminating  carrier.  Inter¬ 
change  of  TOFC  traffic  between  carriers  is  generally  accomplished  by 
rubber  interchange,  that  is,  the  trailer  is  grounded  at  the  inbound 
carrier's  facility,  hauled  to  the  outbound  carrier's  facility  by  a  truck 
tractor,  and  loaded  on  another  flat  car  for  further  movement. 

2.2.2  Two-Yard  Directional  Alternative. 

In  the  Two-Yard  Directional  Alternative,  the  first  of  three  Build 
Alternatives  to  be  discussed,  the  train  operation  of  the  line-haul  car¬ 
riers  would  be  redirected  so  that  switch  trains  of  eastern  carriers  (i.e 
those  operating  mostly  east  of  the  Mississippi  River)  would  generally  be 
routed  into  an  expanded  Madison  Yard  instead  of  into  their  several  home 
yards.  Trains  of  western  carriers  would  generally  be  operated  out  of 
Madison  Yard.  Trains  of  western  carriers  would  be  operated  into  an 
expanded  Gateway  Yard,  with  the  outbound  trains  of  eastern  carriers 
operated  from  Gateway  Yard. 

The  expansion  at  Madison  Yard  would  consist  of  extending  the  re¬ 
ceiving  tracks,  which  lie  along  the  west  side  of  the  yard,  in  a  south¬ 
westerly  direction  along  the  line  of  the  current  rail  corridor  extend¬ 
ing  from  CP  Junction  to  Bridge  Junction,  with  the  standing  car  capacity 
of  the  receiving  track  increasing  126  percent,  from  682  cars  (14  tracks) 
to  1540  cars  (17  tracks) .  The  40  classification  tracks  in  the  bowl 
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would  be  extended  an  average  of  14  car  lengths  each,  with  a  resultant 
increase  in  total  classification  track  capacity  of  44  percent  (1,280 
to  1,840  car  lengths).  The  number  of  pull  out  leads  at  the  south  end 
of  the  bowl  would  be  increased  from  two  to  three,  and  the  departure 
yard  capacity  would  be  increased  78  percent,  from  1122  car  lengths  (26 
tracks)  to  1996  car  lengths  (23  tracks) . 

The  capacity  of  Gateway  Yard  would  be  expanded  by  constructing  a 
new  receiving  yard  to  the  southeast  of  the  existing  bowl  and  hump  leads 
and  in  line  with  them,  increasing  receiving  yard  capacity  240  percent, 
from  962  car  lengths  (16  tracks)  to  3268  car  lengths  (30  tracks) .  A 
new  departure  yard  would  be  constructed  along  the  southwest  side  of  the 
existing  bowl  which  would  increase  the  standing  capacity  of  the  departure 
yard  from  its  present  1057  car  lengths  (12  tracks)  to  3822  car  lengths 
(30  tracks),  a  262  percent  increase.  The  four  existing  pullout  leads 
would  be  maintained.  The  number  of  bowl  tracks  would  be  increased  from 
54  to  72,  with  a  standing  capacity  increase  of  22  percent  (2417  to 
2958  car  lengths) . 

The  corridors  in  the  study  area  would  be  upgraded  from  the  present 
20  MPH  yard  limit  operation  to  basically  a  40  MPH  operation,  except  where 
curvature  prohibits,  and  subject  to  the  installation  of  a  signal  and 
control  system  to  allow  the  attainment  of  the  maximum  train  speed  for 
those  design  criteria.  Also,  sixteen  grade  separations  would  be  con¬ 
structed  to  relieve  railroad-highway  interference.  (See  Exhibit  2.4 
for  a  list  of  proposed  grade  separations) . 
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In  addition  to  the  corridor  upgrading,  connections  at  corridor  junc¬ 
tions  would  be  made  to  allow  the  logical  use  of  corridors  without  regard 
to  ownership  or  current  contractual  restrictions.  The  most  significant 
of  these  changes  is  the  construction  of  four  connections  in  the  vicinity 
of  Venice,  Illinois  to  allow  use  of  Merchants  and  McKinley  Bridges  as  a 
paired  operation,  and  to  provide  access  to  and  from  these  bridges  to  the 
Q  corridor. 

The  last  ingredient  of  the  Two-Yard  Directional  Alternative  is  the 
construction  of  a  common  TOFC/COFC  facility  at  a  site  near  the  north¬ 
east  quadrant  of  the  Willows  corridor/Rose  Lake  corridor  crossing  at 
Willows  Tower.  This  common  facility  would  consist  of  13  loading  and 
unloading  tracks  supported  by  necessary  storage  and  engine/caboose  ser¬ 
vicing  tracks  to  allow  at  least  eight  line-haul  carriers  (those  who  have 
expressed  a  desire  to  do  so)  to  operate  TOFC  trains  and  transfers  with 
TOFC  traffic  into  and  out  of  the  facility,  eliminating,  at  least  for  those 
carriers,  the  necessity  of  interchanging  trailers  over  the  highway. 

The  advantages  seen  in  the  Two-Yard  Directional  Alternative  prior 
to  its  detailed  evaluation  were  (1)  consolidation  of  traffic  into 
logical  groups  so  that  the  maximum  number  of  cars  would  be  dispatched 
with  one  handling  and  (2)  minimum  construction  and  associated  impacts 
necessary  to  accomplish  these  goals. 

2.2.3  Three -Yard  Directional  Alternative. 

The  Three-Yard  Directional  Alternative  has  essentially  the  same 
operating  strategy  as  the  Two-Yard  Directional  Alternative,  except  that 
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a  New  Yard  is  to  be  constructed  in  lieu  of  expanding  Madison  Yard.  The 
New  Yard  is  to  be  larger  than  the  expanded  Madison  Yard  in  terms  of  re¬ 
ceiving  yard  capacity,  bowl  size  and  capacity,  and  departure  yard  capacity. 
Its  role  is  essentially  the  same  as  that  of  expanded  Madison  in  the  Two- 
Yard  Directional  Alternative,  except  that  the  industrial  support  activ¬ 
ity  will  continue  to  be  conducted  at  Madison  Yard.  Since  the  New  Yard  fa¬ 
cility  could  be  designed  with  more  capacity,  some  roads,  notably 
Missouri  Pacific,  have  stated  that  if  the  Three-Yard  Directional  Alternative 
were  adopted  and  implemented,  they  would  operate  their  outbound  trains 
to  the  south,  now  operated  from  Dupo,  from  the  New  Yard.  This  would 
decrease  the  number  of  times  their  cars  must  be  switched,  and  hence  was 
seen  as  an  advantage  over  the  Two— Yard  Directional  Alternative. 

The  site  chosen  for  the  New  Yard  to  be  constructed  is  between  CP 
Junction  and  Q  Tower,  with  the  hump  leads  extending  from  the  vicinity 
of  CP  Junction  north  and  northeast  along  the  Willows  corridor  to  the 
vicinity  of  WR  Tower.  This  site  was  seen  as  desirable  because  it  is 
centrally  located  to  the  railroad  operation,  it  generally  covers  land 
area  already  primarily  dedicated  to  rail  and  rail-oriented  uses,  and 
good  access  to  the  corridor  system  can  be  provided.  A  final  desirable 
point  to  the  Three-Yard  Directional  Alternative  was  that  Madison  Yard, 
with  very  little  modification,  could  remain  in  operation  during  the  con¬ 
struction  of  New  Yard,  and  then  be  used  for  its  current  industrial 
support  role  with  greater  efficiency,  as  well  as  assuming  an  expanded 
role  in  serving  industry  on  the  Missouri  side  of  the  study  area. 
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these  eastern  carriers  (or  western  carriers)  operate  their  trains  into 
one  common  yard  and  out  of  the  other.-  In  the  bidirectional  concept, 
several  railroads  operate  trains  into  and  out  of  both  major  common 
yards  (Gateway  and  New) .  This  has  the  significant  advantage  of  greatly 
reducing  the  number  of  cars  transfered  between  the  common  yards  and  thus, 
reduces  the  number  of  car  handlings  or  switches  in  the  study  area.  Bi¬ 
directional  operations  also  greatly  lower  the  requirements  for  the 
transfer  of  engines  and  cabooses  between  the  common  yards.  These 
advantages  are  somewhat  offset  by  the  fact  that,  under  bidirectional 
operations,  maximum  groupings  of  cars  for  any  particular  destination 
generally  do  not  occur  as  often  as  under  directional  operations.  This 
is  the  result  of  several  railroads  operating  separate  trains  with  the 
same  destination  blocks  out  of  both  major  common  yards  under  bidirec¬ 
tional  operations.  Another  slight  disadvantage  of  bidirectional  opera¬ 
tions  is  that  the  delay  resulting  from  cars  missing  their  scheduled 
trains  would  generally  be  greater  under  bidirectional  than  directional 
operations,  since  fewer  trains  carrying  any  particular  destination  block 
are  run  from  each  common  facility  in  the  bidirectional  case. 
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3.0  METHODS  OF  ANALYSIS 


It  should  firsc  be  noted  that  the  analysis  performed  by  CONSAD, 
while  described  in  detail  herein,  is  fully  documented  in  a  series  of 
25  working  papers  and  memoranda.  An  annotated  list  of  these  is  in¬ 
cluded  in  Appendix  A  of  this  report.  The  documents  themselves,  save 
for  those  containing  material  defined  as  "confidential"  under  Section  I 
of  the  Interstate  Commerce  Act,  are  available  for  inspection  at  the  of¬ 
fices  of  the  Federal  Railroad  Administration,  Room  5415,  400  Seventh 
St.,  S.W.,  Washington,  D.C. 

3.1  Traffic  Data 

3.1.1  Development  of  the  Traffic 
Data  Base 

The  collection  of  adequate  data  concerning  traffic  moving  through 
and  within  the  study  area  was,  in  itself,  a  large  and  complex  effort. 

In  order  to  fully  specify  all  traffic  moving  in  the  study  area  on 
March  30,  1979,  the  study  day  for  the  project,  CONSAD  requested  that 
each  railroad  provide  train  consists,  interchange  reports,  tower  inter¬ 
locking  sheets,  and  train  dispatchers  records  for  that  day.  Subsequently, 
each  railroad  TAC  member  was  contacted  to  review  the  data  and  to  sup¬ 
plement  it  with  other  required  information.  Approximately  500  trains 
were  identified  as  having  moved  on  March  30,  1979.  A  basic  inventory  of 
trains  was  created,  showing: 

•  Railroad  company  operating  the  train; 

•  Railroad  company  train  symbol; 
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•  Study  train  symbol  (4  digits  used  for  computer 
identification) ; 

•  Engine  numbers; 

•  Tractive  effort  of  engines; 

•  Caboose  number; 

•  Entry  point  in  the  study  area; 

•  Time  entered; 

•  Number  of  cars  (loaded  and  empty) ; 

•  Tonnage  of  train; 

•  Blocks  on  train  and  number  of  cars  in  each  block; 

•  Route  taken  in  study  area; 

•  Destination  road/yard/industry; 

•  Crew  change  requirements; 

•  Exit  point  from  the  study  area;  and 

•  Time  exited. 

In  order  to  relate  this  information  on  train  movements  to  car  move¬ 
ments  ,  the  American  Association  of  Railroads  (AAR)  Labor  Management  Task 
Force  data  base  was  utilized.  The  Task  Force,  in  conjunction  with  the 
AAR,  collects  car  movement  data  from  most  of  the  line-haul  carriers  in 
the  St.  Louis  area.  This  data  covers  every  movement  of  a  car  from  the 
point  at  which  it  enters  the  study  area  to  the  point  at  which  it  exits. 
Access  to  the  data  base  was  acquired  through  the  AAR  with  the  permission 
of  each  railroad.  Full  documentation  of  the  data  base  was  obtained  from 


AAR  systems  personnel. 


Since  it  was  necessary  to  trace  the  movement  of  each  car  in  the 
study  area  on  March  30,  it  was  decided  to  examine  data  from  at  least 
four  days  on  either  side  of  March  30  to  assure  that  the  complete  move¬ 
ment  was  traced  (e.g.,  a  car  that  was  on  an  outbound  train  on  March  30, 
probably  came  into  the  study  area  on  March  26,  27,  or  28  and,  hence, 
car  data  for  those  days  would  have  had  to  be  examined  to  get  a  full 
trace  on  that  car) . 

The  data  is  organized  by  the  data  editing  programs  at  the  AAR  into 
sets  of  pairs.  There  are  two  primary  types  of  pairs,  basic  pairs  and 
study  area  pairs.  Basic  pairs  match  the  reported  delivery  of  a  car  with 
the  reported  receipt  of  a  car  for  each  movement  of  that  car  in  the  study 
area.  An  individual  car  can  have  as  many  as  10  such  pairs  describing 
the  handling  of  that  car  during  the  time  it  was  in  the  study  area.  Study 
area  pairs  match  the  first  and  last  event  for  a  car  in  the  study  area. 
Usually,  the  first  event  is  an  inbound  train  arrival  and  the  last  event 
is  an  outbound  train  departure.  The  data  provided  by  the  AAR  included 
both  basic  and  study  area  pairs  for  all  cars  in  the  two  week  period.  The 
tape  provided  has  approximately  500,000  such  records;  each  record  was  220 
characters  long. 

C0NSAD  prepared  a  series  of  programs  to  extract  those  pairs  of  inter¬ 
est  in  the  study.  The  data  was  sorted  and  ordered  by  car  initial  and 
number.  If  the  study  area  pair  for  a  car  indicated  an  outbound  train 
departure  prior  to  March  30  or  an  inbound  train  arrival  after  March  30, 
all  records  for  that  car  were  excluded  from  further  consideration.  The 
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remaining  records  then  contained  all  cars  that  arrived,  departed  or  were 
on  hand  in  the  study  area  on  March  30.  Approximately  125,000  records  of 
interest  remained. 

The  train  consists  of  March  30  provided  by  each  road,  were  key¬ 
punched  with  block  designations  (inbound  or  outbound)  assigned  to  each 
car  as  appropriate.  Over  325  different  block  designations  were  identi¬ 
fied.  The  train  consist  data  (over  21,000  records)  was  then  merged  with 
the  extracted  AAR  data  such  that  all  cars  moving  on  March  30  had  block 
designations  assigned  to  them. 

In  order  to  develop  an  interchange  matrix  describing  the  volume  of 
traffic  in  an  inbound  block  moving  to  each  outbound  block,  the  study  area 
pairs  in  the  AAR/consist  data  were  extracted  and  sorted  into  inbound  trains 
and  further  sorted  by  outbound  train  within  each  inbound  train.  A  sample 
page  of  that  data  is  shown  in  Exhibit  3.1.  The  sample  shows  cars  that 
entered  the  study  area  via  Illinois  Central  Gulf  (ICG)  train  GV3;  the  train 
that  they  were  on  when  they  left  the  study  area;  the  state  and  city  of  their 
destination;  the  car  initial  and  number;  and  the  CONSAD  block  information 
obtained  from  the  consists  collected.  Since  the  data  covers  movements 
over  a  two  week  period ,  the  cars  listed  under  each  inbound  train  ID  could 
have  entered  the  study  area  on  that  inbound  train  on  any  day  in  the  two 
week  period  up  to  and  including  March  30. 

CONSAD  also  found  that  the  study  area  pair  data  was  not  as  consis¬ 
tent  as  anticipated.  It  was  expected  that  the  study  pairs  would  show 
only  inbound  road  trains  and  outbound  road  trains,  however,  various  other 
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types  of  data  showed  up,  including  transfer  moves  and  industry  moves. 

Thus,  a  single  car  could  have  had  more  than  one  study  area  pair  and 
could  have  been  listed  under  more  than  one  train. 

CONSAD  decided,  therefore,  to  concentrate  analysis  efforts  on  those 
cars  that  were  on  an  inbound  road  train  on  March  30,  and  to  examine  the 
basic  pairs  for  each  car  to  identify  the  intermediate  moves  before  depar¬ 
ture  on  an  outbound  road  train.  Exhibit  3.2  is  a  sample  of  that  data 
showing  ICG  GV3  (with  its  corresponding  CONSAD  designation  of  "AV94") . 

All  cars  for  each  inbound  train  were  not  reported  in  the  AAR  data. 

The  AAR  has  indicated  that  the  quality  of  data  received  from  each  road 
varies.  It  was  assumed  that  the  cars  missing  from  the  report  would  be 
distributed  to  outbound  trains  in  the  same  proportion  as  the  cars  that 
were  reported. 

After  completing  these  calculations,  all  inbound  traffic  was  as¬ 
signed  to  an  outbound  train  or  to  local  industry  (AAR  data  indicates  if 
and  when  a  car  moves  to  or  from  industry).  Although  the  Manufacturers 
Railway  Company  (MRS) ,  the  Illinois  Terminal  Railroad  Company  (ITC)  and 
the  Chicago,  Rock  Island  and  Pacific  Railroad  Company  (CRIP)  do  not 
report  to  the  AAR,  a  review  of  actual  consists  on  March  30,  allowed  their 
outbound  trains  to  be  identified. 

The  traffic  moving  from  local  industry  to  outbound  trains  and  traf¬ 
fic  from  the  CRIP,  ITC  and  the  MRS  were  not  included.  To  fill  this  gap, 
it  was  assumed  that  the  volume  of  local  industry  and  other  missing  road 
traffic  moving  to  outbound  trains  on  March  30  would  approximate  the  volumes 
on  the  outbound  trains  built  from  inbound  trains  on  March  30,  described  above. 


Exhibit  3.2:  Sample  Traffic  Data  Output  After  Processing 
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The  AAR  data  and  all  records  for  outbound  trains  of  March  30  were  re¬ 
viewed  and  the  volume  of  outbound  traffic  from  local  industry,  CRIP, 

ITC  and  MRS  were  then  used  to  supplement  the  outbound  traffic  from  the 
inbound  trains  of  March  30.  The  total  number  of  individual  block  to 
block  movements  identified  was  1,493. 

3.1.2  Projections  of  Traffic  Data  to 
Horizon  Years  1985  and  2000 

Each  railroad  agreed  that  the  best  approach  to  splitting  traffic 
for  projections  was  to  separate  unit  trains,  TOFC  traffic,  and  general 
freight  traffic  and  apply  individual  projection  factors  to  each.  Pro¬ 
jection  factors  could  be  applied  to  all  inbound  blocks.  CONSAD  and  the 
RTAC  jointly  decided  that  each  road  probably  had  a  better  feel  for  inbound 
traffic  and,  hence,  the  projections  were  applied  against  inbound  traffic. 

The  cars  projected  in  each  inbound  block  were  distributed  to  the  appropriate 
block.  The  sum  of  all  cars  assigned  to  an  outbound  block  was  equal  to  the 
projected  volume  in  that  block. 

Projected  trains  and  blocks  were  sent  to  each  road  for  review. 

Decisions  as  to  how  to  handle  increased  traffic  and  adjustments  required 
to  rationalize  each  train  were  discussed  with  each  road.  Based  upon  these 
discussions,  CONSAD  finalized  the  inbound  and  outbound  road  traffic  to  be 
analyzed . 

3.1.3  Assignment  of  1985  and  2000 
Year  Traffic 

In  Phase  I  of  the  restructuring  project,  each  road  selected  a  pat¬ 
tern  of  operation  within  the  restructured  study  area.  Specifically,  each 
road  indicated  at  which  yard  their  inbound  trains  would  arrive  and  at 
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which  yard  their  outbound  trains  would  depart.  Each  road  was  asked  if 
they  desired  to  change  the  pattern  that  was  described  in  the  Phase  I 
report,  and  changes  were  made  as  requested. 

Using  the  pattern  of  operation  described  in  the  Phase  I  report, 

CONSAD  assigned  each  road  train  to  a  specific  yard.  After  documenting 
the  outbound  blocks  entering  each  common  yard  for  each  alternative, 

(No  Build,  Two-Yard  Directional,  Three-Yard  Directional  and  Bidirectional) 
decisions  as  to  which  classifications  must  be  built  at  each  yard  were 
made.  Based  on  these  classifications  and  the  approximate  time  of  day 
they  would  be  ready,  transfer  movements  between  yards  and  to/from  local 
industry  were  developed  for  each  horizon  year  and  each  alternative. 

The  basic  1,493  block  to  block  pairs  were  coded  with  transfer  data 
for  each  alternative,  and  each  pair  contained  volume  information  for  the 
three  years  1979,  1985,  and  2000.  This  complete  description  of  each  pair 
moved  through  the  study  area  formed  the  basis  for  much  of  the  analytical 
work  that  followed,  since  this  basic  file  could  be  sorted  in  many  ways. 
Exhibit  3.3  shows  the  summary  of  these  efforts  —  the  number  of  cars,  the 
percentage  of  the  total,  and  the  percentage  increase  over  the  1979  case. 

3.1.4  TOFC  Traffic  Data 

The  AAR  data  does  not  include  TOFC  trailer /container  data.  Only  the 
movement  of  the  flat  cars  is  recorded.  CONSAD  personnel  visited  each 
TOFC  ramp  location  in  the  study  area  shortly  after  March  30,  and  manually 
collected  complete  data  on  all  trailer  moves  for  the  study  day.  These 
data  were  tabulated,  projected,  and  reviewed  with  RTAC  and  local  TOFC 
representatives  in  much  the  same  way  as  train  and  car  data. 
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The  multiple  sources  of  data,  checked  with  one  another  and  reviewed 


with  RTAC  members,  insured  the  high  quality  of  the  data. 
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Exhibit  3.3:  Cars  Entering  Study  Area  In  A  Day 
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3.2  Definition  of  Measures  of  Effectiveness 


The  railroad  operations  component  of  the  railroad  restructuring 
project  involves  the  analysis  'of  four  basic  alternatives  under  the  same 
overall  traffic  loads.  The  assessment  of  these  four  basic  alternatives 
can  be  viewed  as  an  estimation  of  certain  "measures  of  effectiveness" 
which  represent  the  operation  of  the  terminal,  as  a  whole,  and  of  the 
components  of  interest. 

The  system  of  interest  can  be  viewed  in  the  sense  of  systems  analy¬ 
sis  as  depicted  in  Exhibit  3.4. 

The  sets  of  input  to  the  system  (independent  or  policy  variables) 
are  of  three  types.  The  first  of  these  is  the  set  of  fixed  facilities 
and  fixed  operational  practices  which  exist  within  the  bounds  of  the 
study  area.  These  include  trackage  and  other  such  fixed  aspects  of  the 
yards  and  corridors  throughout  the  study  area.  The  second  input  set  is 
the  mobile  facilities  which  operate  over  the  fixed  facilities  to  pro¬ 
cess  traffic.  These  include  locomotives,  crews,  train  schedules  and 
other  such  resources.  The  third  set  of  inputs  cover  the  traffic  move¬ 
ments,  in  cars  which  enter  and  exit  the  study  area  throughout  a  given 
period  of  time  (one  day) . 

The  dependent  variables  (measures  of  effectiveness)  are  the  means 
by  which  the  performance  of  the  system  was  assessed  for  evaluation. 

These  are  the  measures  of  the  "goodness"  of  system  performance  under 
the  sets  of  policy  variables  which  describe  the  system.  The  measures 
of  effectiveness  are  the  result  of  all  three  sets  of  policy  variables 
as  they  are  interrelated  and  transformed  by  the  system  and  its  components. 
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Exhibit  3.4:  Input/Output  Relationships  in  Study  Area 


Independent  (Policy) 
Variables 


Dependent  (Effect) 
Variables 
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It  was  useful  to  postulate  very  general  relationships  between 
policy  and  effect  variables.  The  assessment  of  system  performance  in¬ 
volves  measurement  of  these  effects  under  variation  in  the  policy  var- 

</ 

iables.  It  was  not  sufficient  to  solely  assess  the  system  as  a  whole. 
Through  the  course  of  this  analysis,  the  performance  of  subsystems  was 
also  measured.  The  most  fundamental  disaggregation  of  the  total  system 
was  by:  1)  yards;  and  2)  corridors.  Each  of  these  was  thought  of  as 
a  subsystem.  These  two  functional  categories  were  further  partitioned 
into-  smaller  subsystems.  Exhibit  3.5  is  a  schematic  of  the  study  area 
showing  the  common  yards  and  corridors  of  interest.  The  following  com¬ 
ponents  were  defined  for  analysis  and  evaluation. 

Yards 

1.  Madison  (SH-CP) 

2.  Gateway  (NG-VA) 

3.  New  Yard  (CP-QT) 


Corridor  Segments 

1. 

LE-WR 

(Lenox  -  WR) 

2. 

LE-NK 

(Lenox  -  NKP  Tower) 

3. 

WR-VE 

(WR  -  Venice) 

4. 

WR-SH 

(WR  -  SH  Tower) 

5. 

WA-BR 

(West  Approach  -  Bremen) 

6. 

WA-SH 

(West  Approach  -  SH  Tower) 

7. 

SH-CP 

(SH  Tower  -  CP  Junction) 

8. 

SH-NK 

(SH  Tower  -  NKP  Tower) 

9. 

NK-HN 

(NKP  Tower  -  HN  Cabin) 

10. 

BR-NM 

(Bremen  -  North  Market) 
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Exhibit  3.5: 


Schematic  of  St.  Louis  Gateway 


LE 
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11. 

VE-QT 

12. 

CP-QT 

13. 

CP-WI 

14. 

NM-GR 

15. 

QT-GR 

17. 

QT-WI 

18. 

WI-SX 

19. 

WI-HN 

20. 

HN-40 

21. 

40-S0 

22. 

SX-VA 

23. 

SO-NG 

24. 

GR-TT 

25. 

GR-VA 

26. 

VA-TO 

27. 

VA-DU 

28. 

VA-NG 

29. 

TO-BI 

30. 

TO-DU 

31. 

DU-BI 

WI-SX  (Willows  -  Southern  Crossing) 

WI-HN  (Willows  -  HN  Cabin) 

20.  HN-40  (HN  Cabin  -  40  St.  LN  Crossing) 

21.  40-S0  (40  St.  LN  Crossing  -  Southern  Junction) 

22.  SX-VA  (Southern  Crossing  -  Valley  Junction) 

23.  SO-NG  (Southern  Junction  -  North  End  of  Gateway  Yard) 

GR-TT  (Gratiot  -  Tower  Two) 

GR-VA  (Gratiot  -  Valley  Junction) 

VA-TO  (Valley  Junction  -  Tolson) 

VA-DU  (Valley  Junction  -  Dupo) 

28.  VA-NG  (Valley  Junction  -  North  End  of  Gateway  Yard) 

TO-BI  (Tolson  -  Bixby) 

TO-DU  (Tolson  -  Dupo) 

DU-BI  (Dupo  -  Bixby) 

The  above  31  elements  comprised  the  system  analyzed  under  the 
following  alternatives: 


Traffic  Levels 
and  Patterns 

1.  1979 

2.  1985 


Alternative 
No  Build 
No  Build 
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Traffic  Levels 
and  Patterns 


Alternative 


3.  2000 


No  Build 


4.  1985 


Two-Yard  Directional 


5.  2000 


Two-Yard  Directional 


6.  1985 


Three-Yard  Directional 


7.  2000 


Three-Yard  Directional 


8.  1985 


Three-Yard  Bidirectional 


9.  2000 


Three-Yard  Bidirectional 


For  each  of  these  elements  under  each  traffic  level  and  alternative, 
certain  measures  of  effectiveness  were  calculated.  It  is  the  estimation 
of  the  effectiveness  which  was  the  focus  of  the  operations  analysis.  The 
results  of  the  operations  analysis  were  structured  to  facilitate  formation 
into  these  measures  of  effectiveness. 

3.2.1  Corridor  Analysis 

For  the  corridor  analysis,  two  types  of  summaries  are  of  interest 
for  evaluation.  The  first  of  these  shows  the  performance  of  each  corri¬ 
dor  segment  and  of  the  total  of  corridor  segments  which  can  be  called 
the  "corridor  subsystem".  Appendix  C  contains  these  tables.  The  first 
four  columns  of  these  tables  are  input,  although  the  number  of  trains 
and  cars  which  traverse  a  corridor  segment  over  the  simulation  period 
(24  hours)  could  have  varied  depending  upon  performance  of  the  segment 
and  its  ability  to  process  all  of  the  trains  scheduled.  The  critical 
result  of  the  corridor  analysis  is  shown  in  the  fifth  (travel  time) 
and  sixth  (delay  time)  columns.  The  remaining  columns  show  the  produc¬ 
tion  units  resulting  from  the  corridor  operations  (gross  ton  miles,  car 
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hours  and  train  miles).  Exhibit  3.6  and  3.7  show  summary  information 
regarding  the  corridor  operation  by  link  and  by  road,  and  Exhibit  3.8 
shows  the  overall  average  by  alternative  and  year. 

3.2.2  Yard  Analysis 

The  same  principles  of  assessment  pertained  to  yard  analysis, 
although  the  operations  in  yards  and  the  factors  involved  in  yard  anal¬ 
ysis  are  different  from  corridor  analysis.  The  fundamental  measures  of 
effectiveness  of  yard  operations  are  the  following: 

•  Volume; 

•  Speed;  and 

•  Cost. 

The  factor  of  time  spent  in  yard  operations  by  rail  cars  is  called 
detention  time. 

Under  a  broad  definition  of  detention  time,  the  following  components 
of  time  were  identified: 

•  Receiving  delay; 

•  Yarding  time; 

•  Inspection  delay; 

•  Inspection/brake-bleeding  time; 

•  Switching  delay; 

•  Switching  time; 

•  Reswitching  time; 

•  Accumulative  time; 

•  Departure  pull  delay; 

•  Departure  pull  time; 
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Exhibit  3.6:  Average  Speed  of  Trains  by  Link  by  Alternative  and  Year  (Miles  Per  Hour) 
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Terminal  Railroad  Association 


Exhibit  3.8:  Average  Corridor  Speeds  (Miles  Per  Hour) 


1979 

1985 

2000 

No  Build 

7.6 

6.5 

6 .  i 

Two-Yard  Directional 

22.7 

22.7 

Three-Yard  Directional 

21.4 

20.1 

Three-Yard  Bidirectional 

21.9 

21.4 
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•  Train  -  preparation  delay; 

•  Outbound  -  train  preparation; 

•  Departure  time;  and 

•  Special  car  handling. 

This  list  accounts  for  all  of  the  time  that  freight  cars  spend  in 
passing  through  a  classification  yard  from  the  point  at  which  they  enter 
the  yard  system  on  an  inbound  train  until  they  depart  on  an  outbound 
train.  The  point  of  entry  is  either  the  physical  boundary  of  the  yard 
or  the  point  of  the  inbound  mainline  at  which  the  train  is  "available 
for  entry". 

For  purposes  of  our  analysis  and  assessment,  a  smaller  set  of  time 
factors  is  preferable.  This  is  shown  in  Exhibit  3.9. 

In  order  to  compute  these  time  elements,  a  computer  program,  des¬ 
cribed  in  Section  3.3.1,  was  used.  Summaries  of  the  information  required 
were  made  on  the  following  groupings : 

•  Outbound  train; 

•  Inbound  train; 

•  Outbound  carrier; 

•  Inbound  carrier;  and 

•  Time  of  day  interval. 

In  all  cases,  the  data  were  summarized  on  the  basis  of  individual  cars. 
The  time  elements  for  each  block  were  multiplied  by  the  number  of  cars  in 
the  block  to  get  car-minutes.  Dividing  by  the  total  number  of  cars  in 
each  grouping  produced  car-minutes  per  car  which  is  the  average  time  that 
a  car  spends  in  each  time  element.  Appendix  B  shows  the  summary  tables. 
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Exhibit  3.9:  Definitions  of  Key  Events  in  Classification  Yards 


Name  of  Event 


Event  Svmbol 


Time  of  Arrival  at  Yard 

Time  of  Arrival 
at  Receiving  Track 

Time  of  Departure  from 
Receiving  Track 

Time  of  Arrival  at 
Classification  Track 

Time  of  Departure  from 
Classification  Track 


Time  Ready  to  Depart 
from  Departure  Track 

Time  of  Departure  on 
Outbound  Train 

where : 


TAY 

TAR 

TDR 

TAC 

TDC  , 

TRD 

TDO 


Hold-Out  Time 


ET=TAR-TAY 


Yarding  Time 


y:=tdr-tar 


Switching  Time 


SI=TDC-TDR 


Make-Up  Time 


MI=TRD-TDC 


Time  Element  Element  Symbol 


Hold-Out  Time 


Yarding  Time 


Switching  Time 


Make-Up  Time 


Schedule  Slack 


=  departure  pull  delay  DPD 
+  departure  pull  time  DPT 
+  train  preparation  delay  TPD 
-f  outbound  train  preparation  OTP 


=  DPD+DPT+TPD+OTP 


Schedule  Slack  SS 


=  TDO-TRD 


DT  =  TRD- TAR 
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Detention  Time 


They  provide  measures  of  average  times  by  train  and  for  the  yard  as  a 
whole.  These  average  times  were  the  key  to  evaluation  of  yard  perfor¬ 
mance  and  to  adjustment  of  impacts  so  as  to  achieve  efficient  yard 

*• 

operations.  These  summary  tables  were  prepared  for  each  yard  under 
analysis  (Madison,  Gateway  and  New  Yard)  under  each  set  of  inputs  (year 
and  configuration). 

In  addition  to  these  measures  of  performance  in  terms  of  time,  the 
yard  costing  methodology  requires  additional  data,  mostly  resource  data, 

which  was  available  as  input  to  the  yard  model. 

3.2.3  System  Evaluation 

In  addition  to  evaluation  of  the  components  of  the  study  area,  meas¬ 
ures  of  effectiveness  of  the  entire  study  area  are  of  interest.  The 
information  developed  in  the  corridor  and  yard  analysis  was  combined  to 
develop  these  system  measures. 

The  central  measures  for  this  system-level  evaluation  are  the  time, 
cost,  and  reliability  involved  with  traffic  making  the  full  move  through 
the  study  area,  both  for  through-traffic  and  for  traffic  originating  in 
or  destined  for  the  St.  Louis  area. 

CONSAD  utilized  average  performance  measures  for  each  component  of 
the  system  over  which  a  block  of  traffic  moves.  A  block  which  used  corri¬ 
dors  i,  j  and  k  and  is  switched  at  yard  x^  and  yard  x9  had  assigned  to  it 
the  average  performance  characteristics  of  corridors  i,  j  and  k  and  of 
yards  x^  and  x^ .  Then  traffic  of  interest  and  associated  performance 
characteristics  was  accumulated,  so  as  to  obtain  system-level  measures 
of  performance.  At  each  level,  the  total  times  and  costs  involved  were 
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divided  by  the  appropriate  number  of  cars  to  get  unit  measures  of  system 


performance. 
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3.3  Operations  Analysis  Methods 


The  initial  focus  of  CONSAD's  work  was  an  analysis  of  railroad  oper¬ 
ations  within  the  study  area,  both  as  they  are  at  the  present  time  and 
as  they  would  be  in  the  future  under  any  one  of  the  four  proposed  alter¬ 
natives  for  the  restructuring  of  the  physical  facilities  and  operating 
patterns  in  the  area.  The  purposes  of  these  operations  analyses  were: 

1)  To  furnish  information  useful  in  the  refinement  of  the 
design  of  specific  physical  facilities  (i.e.,  common 
yards  and  the  corridor  network)  under  the  various 
restructuring  alternatives;  and 

2)  To  provide  comprehensive  operating  data,  concerned  with 
railroad  operations  under  these  restructuring  alterna¬ 
tives  in  two  future  years  (1985  and  2000),  once  the 
detailed  physical  characteristics  of  the  various  restruc¬ 
turing  alternatives  were  established.  These  data  would 
be  employed  in  the  development  of  measures  of  operational 
and  cost-effectiveness  of  the  alternative  restructuring 
plans  relative  to  one  another. 

The  operations  in  and  around  a  large  metropolitan  railroad  study 
area,  such  as  St.  Louis /East  St.  Louis,  are  varied  and  exceedingly  com¬ 
plex,  and  it  was  not  feasible  to  perform  a  detailed  analysis  of  operations 
for  such  a  system  as  a  single  entity.  Because  of  this  CONSAD  chose  to 
analyze  railroad  operations  from  the  standpoint  of  the  major  operational 
components  of  the  system,  which  were  the  corridor  network,  classification 
yards  and  intermodal  facilities.  The  results  of  these  detailed  component 
or  subsystem  analyses  were  then  summarized  and  merged  to  produce  overall 
measures  of  the  relative  effectiveness  of  the  system  as  a  whole  under 
each  of  the  proposed  restructuring  alternatives. 
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These  measures  of  effectiveness  were  discussed  in  the  preceeding 
section  and  the  methodologies  employed  in  the  development  of  specific 
measures  of  system  effectiveness  are  described  in  subsequent  sections 
(Sections  3.4  and  3.5).  The  results  of  the  analyses  of  overall  system 
effectiveness  are  presented  in  Section  4. 

The  following  sections  describe  the  analytical  methods  employed 
in  the  detailed  operations  analyses  of  the  study  area  subsystems,  in¬ 
cluding:  input  to  the  analyses,  the  basic  mechanics  of  these  analyses, 
and  the  general  form,  content,  and  relevance  of  the  analytic  results. 

3.3.1  Yard  Operations 

In  order  to  develop  detailed  operating  data  for  the  proposed  yard 
facilities  under  future  traffic  loads,  it  was  necessary  to  simulate  the 
operations  of  these  yards.  Given  the  unique  sets  of  projected  condi¬ 
tions  under  which  they  would  be  required  to  function,  the  complexity  of 
yard  operations,  and  the  fact  that  a  large  number  of  restructuring  alter¬ 
native/yard/year  combinations  were  to  be  analyzed,  it  was  determined  that 
these  simulations  would  necessitate  the  use  of  computer  modeling  tech¬ 
niques.  Therefore,  the  first  task  in  the  analysis  of  yard  operations  was 
the  selection  of  an  appropriate  classification  yard  simulation  model. 

Several  computer  models  for  the  simulation  of  hump  classification 
yards  were  examined,  including: 

•  The  USRA  Model,  developed  to  evaluate  the  system 
planning  that  preceded  the  reorganization  of  north¬ 
east  railroads; 

•  The  Conrail  Classification  Yard  Simulation  Model, 
which  was  an  updated  version  of  the  USRA  Model  ; 


3.27 


•  The  Stanford  Research  Institute  Model,  being  devel¬ 
oped  for  FRA,  which  was  not  yet  available  for  use; 
and 

•  The  YARD SIM  Model,  developed  by  Transportation  and 
Distribution  Associates  and,  although  available  for 
use,  would  have  required  resources  unavailable  to 
the  project  team. 

The  three  primary  criteria  used  in  selecting  a  simulation  model 
were:  1)  availability  for  use;  2)  applicability  to  the  St.  Louis  Rail¬ 

road  Gateway  Restructuring  Project;  and  3)  demonstrated  success  in  the 
use  of  the  model.  The  Conrail  Yard  Model  was  the  only  model  which  met 
all  of  these  criteria.  In  addition,  CONSAD  believed  that  developmental 
efforts  undertaken  by  Conrail  to  improve  the  model  made  it  the  most 
useful  model  currently  available  for  simulating  classification  yards. 

Hence,  this  was  the  model  which  was  ultimately  chosen  for  use  in  the 

•* 

restructuring  study. 

Conrail’ s  Classification  Yard  Simulation  Model  was  developed  for 
the  Consolidated  Rail  Corporation  by  Boeing  Computer  Services  Company. 

This  simulation  model  was  adapted  for  use  in  the  restructuring  study  by 
CONSAD  and  staff  of  the  Illinois  Department  of  Transportation,  who  made 
modifications  to  the  model's  output  reports,  to  provide  for  the  generation 
of  more  detailed  and  comprehensive  operating  data,  and  made  certain  other 
program  changes  to  enable  the  basic  model  logic  to  deal  with  the  "non¬ 
standard"  (in  the  model's  terms)  configurations  of  yards  in  the  study  area. 
The  model,  after  adaptation,  provided  a  detailed  representation  of  everyday 
hump  yard  operations  and  served  as  a  valuable  tool  in  the  analysis,  design 
and  planning  of  the  involved  rail  yards.  In  addition  to  generating  data 
concerned  with  the  nature  and  efficiency  of  movements  of  rail  traffic 
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through  the  yards  under  study,  the  model  output  furnished  information 
useful  for  environmental  impact  analysis  and  operations  costing  of  the 
various  restructuring  alternatives. 

The  Modeling  Process 

The  Conrail  Yard  Model  is  an  event-based  simulation  and  was  devel¬ 
oped  primarily  to  assist  in  the  determination  of  the  following  factors 
concerning  classification  yard  operations: 

•  Maximum  traffic  capacity  of  a  particular  yard  given 
specified  resources  and  work  rates; 

•  Effect  of  variations  in  the  levels  of  mobile  re¬ 
sources  (i.e„,  hump  and  trim  engines,  inspection 
crews;  etc.); 

•  Impact  of  changes  in  blocking  strategy; 

•  Effect  of  changes  in  fixed  facilities  (i.e.,  number 
and  capacity  of  receiving,  classification  and  depar¬ 
ture  tracks,  number  of  hump  leads,  the  addition  or 
deletion  of  crossover  switches  in  the  pullout  area, 
etc. ) ;  and 

•  The  movement  of  specific  groups  of  cars  through  the 
yard  under  various  sets  of  circumstances  as  described 
above. 

Therefore,  once  a  base  case  has  been  established,  the  model  allows  for 
the  evaluation  of  the  comparative  advantages  and/or  disadvantages  of 
different  options  with  respect  to  the  physical  configuration  and  oper¬ 
ating  policies  of  a  particular  rail  yard. 
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Model  Inputs 

In  order  to  simulate  the  operations  of  a  particular  yard  a  great 
deal  of  detailed  information  about  the  yard  was  input  to  the  model. 

¥ 

This  model  input  fell  into  three  basic  categories:  1)  physical  con¬ 
figuration  of  the  yard,  2)  operational  data,  and  3)  traffic  data,  all 
of  which  taken  together  formed  the  basis  on  which  the  model  simulated 
the  classification  yard. 

The  information  on  the  yard's  physical  configuration  input  to  the 
model  consisted  of  the  following: 

•  The  number  and  car  capacity  of  individual  receiving 
tracks ; 

•  The  number  of  hump  leads; 

•  The  number  and  car  capacity  of  individual  classifi¬ 
cation  tracks; 

•  The  number  and  car  capacity  of  individual  departure 
tracks;  and 

•  Detailed  description  of  the  yard's  "pullout  area," 
including  all  relevant  switches  and  crossovers,  their 
lengths  and  distances  between  switches. 

This  information  was  assembled  using  scale  "Working  Drawings"  of  the 
yards  supplied  by  SEK,  revised  with  feedback  from  the  model  output. 

Data  supplied  to  the  model  concerning  the  basic  operational  param¬ 
eters  for  a  particular  yard  included  the  following: 

•  Amount  of  time  required  to  complete  certain  repeti¬ 
tive  tasks; 

•  Points  in  time  when  specific  events  occur  in  the 
yard ; 

•  Personnel/equipment  resources  and  their  work 
schedules;  and 
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•  Descriptions  of  routes  to  be  used  by  lite  engines 
and  trains  when  moving  between  different  locations 
in  the  yard’s  pullout  area. 

The  specific  values  assigned  to  these  various  parameters  were  averages 
based  upon  the  physical  characteristics  of  the  yards  and  actual  experi¬ 
ence  in  the  area’s  existing  facilities. 

The  traffic  data  provided  to  the  model  were  of  two  basic  types: 

1)  the  designation  of  the  nature  of  the  traffic  to  be  handled  on  the 
various  tracks  within  the  yard,  and  2)  the  actual  make-up  of  the  traffic 
to  be  processed  in  the  yard. 

The  various  subsystems  of  track  in  the  yard  (receivings  classifi¬ 
cation  and  departure)  could  be  split  directionally,  Eastbound  or  West¬ 
bound,  as  to  the  type  of  traffic  that  was  to  be  handled.  Thus,  one 
could  have  specified  a  yard  in  the  model  that  would  have  separate  East- 
bound  and  Westbound  receiving  tracks,  classification  tracks  and  departure 
tracks.  Classification  tracks,  in  addition  to  being  designated  as  East- 
bound  or  Westbound,  were  optionally  assigned  specific  classifications 
or  destinations  to  be  placed  on  these  tracks  (two  per  track,  one  certain 
and  one  conditional  destination  block) . 

The  make-up  of  the  traffic  for  a  particular  yard  being  simulated 
was  input  to  the  model  in  the  form  of  a  detailed  description  of  all  in¬ 
bound  and  outbound  trains.  Information  describing  each  inbound  train 

consisted  of  the  following: 

•  Train  name; 

•  Train  priority  (high  or  low) ; 
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•  Number  of  different  destination  blocks  on  the  train; 

•  Name  and  number  of  cars  for  each  destination  block; 

•  Time  specified  for  arrival; 

•  Assignment  to  receiving  yard  (East,  Vest  or  either) ; 
and 

•  Assignment  to  hump  lead  (East  Bowl  or  West  Bowl),  if 
applicable. 

The  information  describing  each  outbound  train  included: 

•  Train  name; 

•  Assignment  to  Eastbound  or  Westbound  departure  yard, 

if  applicable; 

•  Scheduled  departure; 

•  Name  and  sequential  order  of  destination  blocks  or 
classifications  to  be  placed  on  the  train;  and 

•  Estimated  number  of  cars  on  the  train. 

The  traffic  data  input  to  the  yard  model  for  this  analysis  repre¬ 
sented  the  "typical  heavy  day"  derived  from  the  traffic  data  described 
in  detail  in  Section  3.1  of  this  report.  Each  of  1,493  basic  inbound 
train/block  pairs  were  assigned  to  move  between  the  various  yards  in  the 
study  area.  These  assignments  resulted  in  the  traffic  for  the  model. 
Model  Mechanics 

In  general,  the  model  simulates  the  complete  range  of  daily  hump 
yard  activities  including  the  following: 

•  The  arrival  and  yarding  of  inbound  trains  at  the 
receiving  yard; 

•  Assignment  of  inbound  inspection  crews  and  the 
inspection  of  inbound  trains; 

•  Humping  of  cuts  of  cars  from  the  receiving  yard; 
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•  Classification  of  cars  in  the  "bowl”  of  the  yard ; 

•  Rehumping  and  reclassification  of  cars  placed  on 
sluff  and/or  crossover  tracks  in  the  bowl ; 

•  Pulling  of  cuts  from  the  bowl  to  the  departure  yard 
(including  the  doubling  of  classification  tracks); 

•  Building  or  make-up  of  outbound  trains  on  departure 
tracks ; 

•  Assignment  of  outbound  inspection  crews  and  the 
inspection  of  completed  outbound  trains; 

•  The  departure  of  outbound  trains  from  the  yard; 

•  And  finally,  for  all  of  the  above  activities;,  simu¬ 
lated  conflicts  which  result  from  both  the  use  of 
limited  resources  (i.e.,  track  capacity,  engines, 
crews,  etc.)  and  the  movement  of  trains  in  the  yards' 
pullout  areas. 

Exhibit  3.10  is  a  diagrammatic  representation  of  the  mechanical 
process  employed  by  the  model  in  the  simulation  of  yard  activities. 

For  further  detail  on  this  subject,  the  reader  is  referred  to  the 
users'  manual  and  report.  Classification  Yard  Simulation  Model  (developed 
for  Consolidated  Rail  Corporation),  by  Joseph  J.  Supplee,  Boeing  Computer 
Services  Company. 

Model  Output 


From  the  simulation  process,  the  model  tabulates  a  great  deal  of 
detailed  operating  data  and  generates  several  summary  reports  as  a  part 
of  its  output.  The  most  significant  of  these  output  reports  are  briefly 
described  below. 
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Exhibit  3-10:  Yard  Simulation  Model  Process 
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The  two  reports  of  greatest  interest  were  the  Inbound  and  Outbound 
Train  Histories,  examples  of  which  are  shown  in  Exhibits  3.11  and  3.12 
respectively.  These  reports  provided  important  information  regarding 
the  movement  of  trains  and/or  blocks  of  cars  into,  through  and  out  of 
the  yard  being  simulated  and  served  as  a  primary  source  of  data  for  the 
analysis  of  yard  operations.  In  these  reports,  all  event  times  such  as 
arrival  time,  actual  departure,  etc.,  were  presented  in  the  format  of 
Day-Hour-Minute,  while  time  intervals  or  elements  such  as  receiving 
dealy,  inspection  time,  etc.,  were  given  in  minutes.  For  example,  an 
arrival  time  of  52240  would  indicate  the  fifth  day,  the  twenty-second 
hour  and  the  fortieth  minute  which  is  equivalent  to  10:40  PM  on  day  five 
of  the  simulation;  whereas  a  receiving  delay  of  120  is  one  hundred  and 
twenty  minutes  or  two  hours. 

In  addition  to  the  two  reports  of  primary  interest,  discussed  above, 
the  model  provided  a  number  of  other  useful  output  reports  which  included 
the  following: 

•  Track  Utilization  Reports  were  produced  for  the  yards’ 
receiving,  classification  and  departure  tracks.  These 
reports  generally  showed  the  occupancy  and/or  utiliza¬ 
tion  of  individual  yard  tracks  during  the  final  simula¬ 
tion  day  and  were  particularly  useful  as  an  aid  in 
designing  yard  trackage. 

•  Hump  Utilization  Reports  showed  the  number  and  make-up 
of  the  cars  that  had  gone  over  the  hump(s)  on  the  last 
simulation  day  and  calculated  the  number  of  minutes  and 
the  percentage  of  time  the  hump(s)  were  actually  in  use. 

These  reports  were  of  value  in  determining  reasonable  car 
volumes  for  yards  and  helped  to  identify  periods  of  peak 
demand  or  congestion. 
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Exhibit  3.11:  Sample  Inbound  Train  History  Report 
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•  Crew  Utilization  Reports  were  given  for  hump  engine, 
pull  engine,  inbound  inspection,  and  outbound  inspection 
crews.  These  reports  presented  a  listing  of  the  time 
spent  by  each  crew/engine  in  performing  work  related  to 
specific  trains,  summarized  the  number  of  service  and 
idle  minutes  for  each  crew  during  its  shift  on  the  last 
simulation  day,  and  calculated  a  percent  utilization  for 
individual  crews.  This  information  was  helpful  in  esti¬ 
mating  the  most  effective  levels  of  personnel  and  equip¬ 
ment  resources  for  operation  of  particular  yards,  given 
their  traffic  bases. 

•  General  Yard  Performance  Summaries  consist  of  a  frequency 
distribution  of  cars  transiting  the  yard  in  a  certain 
number  of  hours  during  the  final  simulation  day,  the  age 
of  cars  left  in  the  yard  at  the  end  of  the  simulation, 
the  average  elapsed  yard  time  for  cars  dispatched  from 
the  yard  on  the  last  day,  a  listing  of  trains  waiting  to 
enter  the  yard,  etc.  Unfortunately,  these  reports  did 
not  provide  information  at  the  level  of  detail  required 
by  the  restructuring  study.  A  discussion  of  how  this 
problem  was  overcome  is  presented  in  the  subsection, 

Analytical  Procedures. 

The  model  generates  a  number  of  output  reports  other  than  those 
presented  here.  These  reports  contain  information  which  is  helpful  in 
identifying  very  specific  problems  with  simulation  of  a  yard,  and  will 
not  be  discussed  further  at  this  time.  If  additional  information  con¬ 
cerning  the  output  of  the  model  is  desired,  the  reader  is  again  referred 
to  the  Conrail  Yard  Model's  Users'  manual.  (A  copy  of  this  document  is 
available  for  inspection  at  the  East  St.  Louis  MARGE  offices,  325  Missouri 
Avenue,  East  St.  Louis,  IL) . 

It  is  important,  at  this  point,  to  distinguish  between  an  analysis 
of  the  operation  of  a  yard  on  a  particular  day  and  the  operation  of  the 
yard  on  a  day  as  depicted  by  the  output  of  the  yard  simulation  model. 

The  performance  of  a  yard  on  a  particular  day  is  the  result  of  (I)  the 
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traffic  in  the  yard  at  the  start  of  the  study  day,  say  1201  AM,  (2)  the 
personnel  and  equipment  resources  used  during  the  day,  (3)  the  operating 
strategies  applied  during  the  day,  (4)  the  "job-time"  parameters  on  that 
day  as  distinguished  from  the  "job-time"  parameters  on  any  other  day, 
and  (5)  the  traffic  input  to  the  yard.  This  combination  of  variable 
factors  results  in  the  operations  for  the  day,  which  may  be  interrupted 
by  unforeseen  occurrences,  such  as  derailment,  engine  failure,  and  bad 
order  cars  in  outbound  trains.  Thus,  each  day  of  operation  in  a  yard 
is  somewhat  different  from  each  other  day  of  operation. 

The  computer  model  addressed  itself  to  these  five  considerations 
by  (1)  starting  with  an  empty  yard,  (2)  using  the  same  levels  of  per¬ 
sonnel  and  equipment  resources  each  day,  (3)  using  a  specific  set  of 
operating  rules  (algorithms)  for  decisions  as  to  how  to  allocate  tracks 
and  crews  to  do  various  jobs,  (4)  assuming  the  sane  "job-time"  param¬ 
eters  for  each  day,  and  (5)  repeating  the  same  traffic  input  for  each 
day . 

These  simplifying  assumptions  caused  the  model's  simulations  of 
yard  operations  to  be  somewhat  different  from  actual  yard  operations. 
However,  the  primary  objective  in  the  yard  component  of  the  study  was 
to  be  able  to  compare  the  relative  performance  of  several  alternative 
yards  under  current  and  projected  traffic  loads  and  operating  condi¬ 
tions.  In  order  to  properly  conduct  this  analysis,  the  analytical 
procedures  applied  to  all  restructuring  alternatives  had  to  be  com¬ 
pletely  consistent.  The  use  of  the  Yard  Model  was  the  only  way  in 
which  to  achieve  such  consistency.  Although  the  model's  simulation  of 
operations  was  not  an  exact  representation  of  reality,  the  simulation 
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results  do  provide  a  reasonable  and  consistent  basis  for  evaluating  the 
relative  performance  of  the  yards  under  the  various  restructuring  alter¬ 
natives  . 

Analytical  Procedures 

Having  described  the  processes  involved  in  the  modeling  of  rail 
yard  operations,  it  is  now  possible  to  discuss  the  procedures  developed 
to  further  analyze  the  operating  data  acquired  from  the  modeling  process. 

The  total  amount  of  time  rail  cars  spend  in  yard  processing,  com¬ 
monly  termed  total  detention  time,  is  generally  considered  to  be  a 
fundamental  factor  related  to  the  overall  effectiveness  of  yard  opera¬ 
tions.*  Unfortunately,  the  Conrail  Yard  Model  provides  only  very  gen¬ 
eral  information  concerning  car  detention  time  in  the  simulated  yards. 
Because  of  the  importance  of  total  detention  time  as  an  indicator  of 
yard  operational  effectiveness,  it  was  decided  that  yard  performance 
should  be  examined  in  greater  depth  by  making  determinations  as  to  what 
portion  of  a  car's  total  detention  time  was  spent  in  major  elements  of 
classification  yard  operations.  Due  to  the  desire  to  provide  data  on 
yard  performance  specific  to  each  of  the  participating  railroads,  it 
was  felt  that  summaries  of  several  groupings  of  this  data  (i.e. , 
inbound  and  outbound  carrier,  inbound  and  outbound  train,  etc.),  not 
explicitly  provided  in  the  model  output,  would  make  a  significant  con¬ 
tribution  to  the  analysis.  In  order  to  achieve  these  two  objectives, 
the  following  analytical  procedures  were  developed. 

*For  the  purposes  of  this  analysis,  total  detention  time  of  a  rail 
car  in  a  yard  is  defined  as  the  amount  of  time  which  elapses  between 
the  arrival  of  that  car  at  the  perimeter  of  the  yard  on  an  inbound 
train  and  the  departure  of  that  same  car  from  the  yard  on  an  outbound 
train. 
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CONSAD  identified  five  major  components  or  "time  elements"  involved 
in  the  movement  of  rail  cars  into,  through,  and  out  of  classification 
yards.  These  elements  are,  in  order  of  their  occurrence: 

•  Hold-Out  Time  —  the  amount  of  time  a  car  is  held  out 
of  the  yard  on  a  mainline  before  it  is  moved  to  a 
receiving  track; 

•  Yarding  Time  —  the  amount  of  time  required  to  complete 
the  task  of  receiving  the  car  and  preparing  it  for  hump¬ 
ing.  This  includes :  time  needed  to  place  the  car  on  a 
receiving  track,  inbound  inspection  delay,  inbound 
inspection  time  and  the  movement  of  the  car  to  the  apex 
of  the  hump  from  the  receiving  track; 

•  Switching  Time  — ■  the  amount  of  time  involved  in  clas¬ 
sification  of  cars  in  the  "bowl"  of  the  yard.  This 
includes:  humping  of  cars  (i.e.,  shove  over  the  apex), 
placement  on  classification  tracks  and  the  time  spent 
on  a  classification  track  prior  to  being  moved  for 
departure  on  an  outbound  train; 

•  Make-Up  Time  —  the  amount  of  time  required  to  place  a 
car  on  a  departure  track  and  ready  it  for  departure  on 
an  outbound  train.  This  includes  the  time  involved  in 
pulling  a  car  from  a  classification  track  to  a  departure 
track,  outbound  inspection  delay,  outbound  inspection 
time  and  air  test  time;  and 

•  Schedule  Slack  —  the  period  between  the  time  a  car  is 
ready  to  depart  on  an  outbound  train  and  the  time  of 
actual  departure. 

The  five  elements  effectively  account  for  all  of  the  time  rail  cars 
spend  in  classification  yard  operations,  from  the  time  they  arrive  at 
the  yard  on  an  inbound  train  to  the  time  they  depart  the  yard  on  an  out¬ 
bound  train.  Therefore,  by  definition,  the  sum  of  these  time  elements 
is  equivalent  to  Total  Detention  Time. 

In  order  to  determine  time  values  for  the  various  time  elements, 
it  was  necessary  to  define  the  bounds  of  these  components  of  yard  oper¬ 
ations.  Because  the  Conrail  Yard  Model  was  an  event-based  simulation. 
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the  definitions  of  these  elements  were  based  on  the  time  of  occurrence 


of  certain  significant  events  in  the  movement  of  cars  through  a  yard. 
Exhibit  3.13  shows  the  time  elements,  their  related  events  and  the 
general  relationships  between  them. 

Once  the  times  at  which  the  various  operational  events  in  a  yard 
occurred  for  a  car  or  group  of  cars  were  determined,  it  became  possible 
to  calculate  values  for  the  five  time  elements  based  on  the  relation¬ 
ships  outlined  in  Exhibit  3.13.  All  time  elements  for  individual  cars 
or  groups  of  cars  were  calculated  in  hours  and  then  multiplied  by  the 
number  of  cars  involved  to  yield  car  hours.  Having  done  this  for  all 
cars  which  transit  a  yard  on  the  study  day,  these  results  were  then 
summarized  in  several  ways ,  grouping  the  cars  in  the  manner  desired 
(i.e.,  by  carrier,  train,  etc.),  by  summing  the  amount  of  car  time  for 
the  various  time  elements  associated  with  these  cars  and  then  dividing 
by  the  total  number  of  cars  in  the  particular  group  to  obtain  the 
average  time  spent  by  each  of  these  cars  in  car  hours  per  car.  These 
average  times  served  as  an  important  aspect  of  the  evaluation  of  yard 
performance  and  subsequent  adjustment  of  yard  configuration  and/or 
operations  so  as  to  achieve  efficient  yard  operation. 

The  information  required  to  perform  the  basic  analysis,  namely  the 
relevant  event  times,  were  acquired  from  the  Inbound  and  Outbound  Train 
History  Reports  provided  by  the  model.  The  event  times  provided  in 
these  output  reports  were  reviewed  and  those  which  most  closely  con¬ 
formed  to  the  events  which  define  the  five  time  elements,  as  discussed 
above,  were  selected.  They  provided  the  basis  on  which  to  calculate 
the  specific  time  elements  for  the  cars  transiting  the  simulated  yards. 
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Exhibit  3.13:  Time  Elements  and  Related  Events 
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Exhibit  3.14  lists  the  relevant  events  outlined  in  Exhibit  3.13  and 
gives  the  corresponding  time  from  the  model's  output  reports. 

The  analysis  was  conducted  for  the  yard  operations  for  the  cars 
which  were  dispatched  from  the  yards  on  the  fifth  day  of  the  simulation. 
This  particular  simulation  day  was  chosen  since,  by  the  fifth  day,  the 
simulated  operations  of  the  yards  had  reached  a  steady  state.  Thus, 
the  operations  on  this  day  represented  ongoing  yard  operations. 

The  data  for  each  inbound  train  arriving  at  the  yards  during  the 
simulation  and  each  outbound  train  and  block  dispatched  from  the  yards 
on  the  fifth  simulation  day  were  taken  from  the  model  and  stored  in 
computer  files.  CONSAD  created  an  additional  file  which  contained  a 
breakdown  of  the  cars  in  each  outbound  classification  for  the  yards  by: 
1)  the  inbound  train  on  which  the  cars  arrived  at  the  yard,  2)  the 
number  of  cars  of  that  classification  on  the  particular  inbound  train, 
and  3)  the  arrival  time  of  the  inbound  train  at  the  yard.  Together, 
these  files  formed  the  detailed  information  base  by  which  the  time 
elements  were  calculated  for  inbound  train-outbound  block  pairs. 

In  order  to  perform  the  mathematical  operations  required  for  the 
analysis,  CONSAD  developed  a  computer  program  to  be  applied  to  this 
detailed  information.  This  program  served  three  major  functions: 

•  The  assignment  of  cars  arriving  at  the  yards  on  inbound 
trains  to  outbound  trains  and  classifications; 

•  The  calculation  of  the  values  of  various  time  elements 
for  cars  moving  through  the  yards;  and 

•  The  tabulation  and  summarization  of  the  results  of  this 
analysis . 

This  was  done  so  that  yard  performance  could  be  examined  not  only  in  the 
aggregate,  but  for  specific  inbound-outbound  blocks  as  well. 


3.44 


Exhibit  3.14:  Event  Time  Source  Index 


Event 

Model 

Equivalent 

Output 

Report 

Time  of  Arrival  at 

Yard  on  Inbound  Train 

ARR  Time 

Inbound  Train 
History 

Time  of  Arrival  At 
Receiving  Track 

REC  Time  -  REC  DELAY* 

Inbound  Train 
History 

Time  of  Departure 
from  Receiving  Track 

START  HUMP 

Inbound  Train 
History 

Time  of  Departure 

from  Classification  Track 

START  PULL 

Outbound  Train 
History 

Time  Ready  to  Depart 

END  LNSP 

Outbound  Train 
History 

Time  of  Departure 
on  Outbound  Train 

ACTUAL  DEPART 

Oubound  Train 
History 

*REC  DELAY  was  considered  to  be  the  exact  equivalent  of 
Hold-Out  Time. 
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The  results  generated  by  the  computer  analysis  of  the  yards'  oper¬ 
ations  were  tabulated  in  six  different  ways,  as  follows: 

•  Inbound  Road; 

•  Outbound  Road; 

•  Inbound  Train; 

•  Outbound  Train; 

•  Outbound  Characteristics;  and 

•  Time  of  Day  Interval.* 

Overall  performance  measures  for  all  cars  processed  were  also  determined. 

The  detailed  results  of  this  analysis  for  all  yards  and  years  simu¬ 
lated  are  presented  in  Appendix  B  of  this  report.  The  tables  in  this 
appendix  show  both  aggregated  time  in  car  hours  and  average  unit  times 
in  car  hours  per  car  for  total  car  detention  time  and  for  each  of  the 
five  time  elements  making  up  total  detention  time.  For  each  yard/year 
combination,  a  series  of  six  such  tables  are  provided  which  present  the 
results  of  the  analysis  for  each  one  of  the  six  different  ways  in  which 
the  data  were  tabulated  or  grouped. 

3.3.2  Corridor  Operations 

Corridor  Simulation  and  Analysis 

The  analysis  procedure  used  in  the  evaluation  of  study  area  rail 
corridor  operations  was  based  upon  a  simulation  of  the  processes  fol¬ 
lowed  every  day  in  the  terminal  to  move  trains.  That  is,  train  dis¬ 
patchers  and  operators  at  interlocking  control  stations  directed  the 
movement  of  trains  within  and  through  the  terminal  area. 

*Based  on  time  of  arrival  at  the  yard  on  an  inbound  train  six 
four-hour  intervals  between  2230  on  day  4  to  2229  on  day  5. 
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Within  the  terminal  area  as  shown  in  Exhibit  3.5,  the  majority  of 
train  movements  are  supervised  by  two  train  dispatchers  located  at  SH 
Tower  on  the  TRRA,  and  by  an  assistant  general  yardmaster  at  Gateway  Yard 
on  the  A&S.  One  of  the  two  dispatchers  at  SH  controls  movements  between 
WR  Tower  and  Gratiot  Street  Tower,  and  between  SH  Tower  and  CP  Junction. 
The  other  dispatcher  at  SH  controls  trains  between  CP  Junction  and  Valley 
Junction,  and  between  May  Street  and  Rock  Island  Junction,  an  area  not 
being  studied  in  detail.  The  A&S  assistant  general  yardmaster  at  Gateway 
Yard  functions  much  in  the  same  manner  as  a  train  dispatcher,  and  controls 
corridor  movement  between  Lenox  and  Tolson  on  the  A&S.  The  other  segments 
of  the  study  area  are  either:  1)  under  the  control  of  a  dispatcher  at 
some  other  location  (e.g.,  Conrail  at  Indianapolis  for  the  segments  Lenox- 
WR-Bridge  Junction  and  Exermont-Q  Tower  on  Conrail,  and  Washington, 

Indiana  for  the  segment  Caseyville-Q  Tower  on  B&O;  or  2)  under  the  super¬ 
vision  of  a  train  director  (e.g.,  TRRA  Tower  2  for  movements  between 
Gratiot  Street  Tower  and  Grand  Avenue,  and  the  City  of  St.  Louis  MacArthur 
Bridge  Commission  at  Gratiot  Street  Tower  for  movements  on  the  MacArthur 
Bridge).  There  are  several  interlocking  towers  within  the  area,  with 
movements  within  and  proximate  to  the  interlocking  under  the  supervision 
of  the  interlocking  control  operator.  These  operators  use  the  interlock¬ 
ing  to  move  trains  on  one  or  more  corridors  in  accordance  with  the  appro¬ 
priate  dispatchers'  instructions,  and  attempt  to  minimize  delay  and  con¬ 
flicts  at  the  interlocking.  Within  the  study  area  are  several  yards, 
where  trains  originate  and  terminate,  and  non-interlocked  junctions.  In 
order  to  analyze  the  operation  of  trains  and  evaluate  the  selected  corri¬ 
dors  at  projected  levels  of  traffic  under  each  proposed  restructuring 
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alternative,  CONSAD  decided  to  simulate  the  interaction  between  the  various 
operators  and  the  three  primary  dispatchers.  This  simulation  allowed  the 
performance  of  each  train  to  be  documented,  including  the  identification 
of  conflicts  at  the  various  interlockings,  junctions,  and  yards. 

The  following  is  a  brief  description  of  the  process  employed  to  simu¬ 
late  and  analyze  the  corridor  operations  in  the  St.  Louis  Terminal  Area. 

The  first  step  in  this  simulation  process  was  to  subdivide  the  ter¬ 
minal  study  area  into  logical  sub-parts,  with  each  sub-part  containing  a 
relatively  small  number  of  interlockings,  junctions,  and  yards.  Exhibit 
3.15  is  a  schematic  of  the  terminal  area  showing  the  subdivision  of  the 
study  area. 

As  in  the  "real  world",  in  the  simulation  process  the  "dispatcher" 
s-upervised  the  movement  of  trains  on  main  tracks  between  interlockings/ 
junctions/yards.  The  next  step  in  this  process  was  to  compile  a  list  of 
trains  to  be  analyzed  in  the  study  from  the  traffic  data,  and  create  an 
appropriate  list  of  running  times  by  class  of  train,  by  track,  and  by 
direction,  for  trains  between  the  various  interlockings,  junctions,  and 
yards . 

Functional  schematics  for  each  interlocking,  junction,  and  yard  part, 
with  possible  through  routes  labeled  by  origin-destination  characters,  as 
shown  in  Exhibit  3.16,  were  developed,  and  forms  for  use  by  each  individual 
involved  in  the  simulation  process  were  created.  The  train  sheet,  to  be 
used  by  the  "dispatcher"  is  attached  as  Exhibit  3.17. 

The  station  log  sheet,  Exhibit  3.17,  was  designed  to  be  used  as  an 
annotated  time-route  occupancy  graph.  Time  was  displayed  across  the  top, 


3.48 


3.49 


Exhibit:  3.16:  Functional  Schematic  of  West  Approach  Interlocking 


01 
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Exhibit  3.17:  Train  Dispatcher  Sheet 


East  Bound 

Road 

West  Bound 

Road  Identification 

Study  Identification 

Cars 

Destination 

Lenox 

Mitchel  Yard 

"AA"  Siding 

NKP  Tower 

Horseshoe  Sidine 

RN  Cabin 

40th  St.  LN 

Southern 

3rd  Main 

Gateway  Yard 

Valley 

Tolson 

Fox 

Lenox 

Trks  (I,  2.  NT-Main) 

WR  Tower 

Trks  (EB,  WB ,  1,  2,  Cvks) 

SH  Tower 

CP  Junction 

Willows 

Sou  Xin2 

Valley 

Trks  (1,  2,  3,  4) 

Dupo 

Bixby 

WR  Tower 

Venice 

Q  Tower 

» 

Mio  Junction 

Tolson 

Bixby 

SH  Tower 

West  Approach 

Bremen 

Trks  (1,  E3,  WB .  4) 

N.  Mkt 

Gratiot 

Tower  2 

Grand 

HN  Cabin 

Willows 

Q  Tower 

Gratiot  (Jet.  No.  App) 

M&O  Junction 

Trks  (NB,  THORO.  SB) 

"C"  Yard 

Trks  (NB,  THORO,  SB) 

Valiev 

Tolson 

I 

Valley 

1 

Jet.  No.  App. 

Jet.  So.  App. 

| 

Gratiot 

CP  Junction 
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left  to  right,  in  one  minute  increments.  The  row  headings  down  the  left 
hand  margin  described  events  or  facts  by  notation  being  made  in  the  appro¬ 
priate  box  for  the  time  of  the  event.  Appropriate  notations  include  train 
ID  in  the  case  of  Prior  Stations,  Dep-Arr  (or  Arr-Dep) ;  minutes  for  this 
train  to  run  between  stations  in  the  case  of  running  time;  and  route  des¬ 
cription  in  origin-destination  characters  in  the  route  rows.  In  this 
manner  conflicts  were  determined  by  scanning  labeled  schematics,  and  delays 
were  depicted  from  notation. 

When  a  day  of  activity  was  replicated,  a  series  of  tables  were  com¬ 
pleted.  The  purpose  of  these  tables  was  to  provide  an  orderly,  systematic, 
logical  analysis  of  the  train  operation,  highlighting  delays  and  excessive 
running  times. 

After  the  results  of  this  process  were  presented  to  the  RTAC,  several 
changes  in  corridor  operations  were  suggested.  The  most  effective  way  of 
dealing  with  these  changes  was  to  create  tine-distance  graphs,  commonly 
called  stringlines.  Exhibit  3.18  shows  an  example  of  such  a  stringline. 

The  vertical  axis  of  the  stringline  is  distance,  with  significant  features 
of  each  corridor  shown,  such  as  stations,  crossovers,  railroad  crossings, 
and  junctions.  The  horizontal  axis  of  each  stringline  is  time.  Each 
axis  is  scaled.  Diagonal  lines  indicate  trains,  with  the  slope  indicative 
of  speed  and  delays  shown  by  "flat"  (horizontal)  lines.  A  separate 
stringline  was  created  for  each  corridor,  and  each  train  was  drawn  in. 
Changes  were  then  made  to  the  stringlines  as  changes  were  made  in  corridor 
operations.  The  conflicts  caused  by  changes  were  readily  apparent.  After 
all  changes  had  been  made,  the  times  were  taken  off  the  stringlines  and 
matched  with  train  data  already  in  the  operations  analysis  computer  files. 
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DISTANCE 

BREMEN  WEST  APPROACH  Sll  TOWER 


Exhibit  3.18: 


Sample  Stringline 


Note:  Stringlines  are  drawn  to  show  occupancy  of  and  activity  on 

corridor  for  a  twenty-four  hour  period.  The  above  illustra¬ 
tion  is  a  one  hour  portion  of  a  stringline  of  the  Merchants 
Bridge  Corridor. 
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This  allowed  the  generation  of  a  myriad  of  corridor  statistics,  which 
provided  input  to  the  costing  processes  required,  as  well  as  input  to 
the  environmental  impact  statement.  Summaries  of  these  statistics  are 
shown  in  Appendix  C. 

Yard  Hold-Out  Analysis 

An  important  consideration  in  the  analysis  of  the  corridor  system 
was  the  impact  that  yard  hold-outs  would  have  on  corridor  operations. 

For  the  purposes  of  this  study,  a  yard  hold-out  was  defined  as  a  train, 
inbound  to  a  yard,  that  could  not  be  received  by  the  yard  upon  its  arri¬ 
val  and  was  then  held  on  a  corridor  until  it  was  able  to  move  into  the 
receiving  yard. 

In  order  to  accurately  assess  the  impacts  of  yard  hold-outs,  it  was 
necessary  to  know:  the  specific  trains  held  out  and  their  length,  in 
cars;  the  route  or  corridor  on  which  they  were  approaching  the  yard;  the 
times  at  which  they  were  eventually  received;  and  the  duration  of  the 
delay.  All  of  this  information,  except  train  routings  which  could  be 
determined  from  CONSAD's  detailed  traffic  data,  was  providing  in  the 
Inbound  Train  History  Reports  from  the  Conrail  Yard  Model  simulations. 
Unfortunately  however,  the  Conrail  Yard  Model's  hold-out  times  (Receiving 
Delay)  encompassed  only  delays  due  to  the  unavailability  of  receiving 
tracks  and  conflicts  of  movement  with  other  inbound  trains  being  received 
at  the  same  time;  and  did  not  comprehend  or  simulate  other  types  of  con¬ 
flicts  in  and  around  the  receiving  yard,  which  potentially  could  result 
in  trains  being  held  out.  These  other  types  of  conflicts  that  could 
exist  were  highly  dependent  on  the  physical  lay-out  or  configuration  of 
a  particular  yard,  but  included  some  or  all  of  the  following: 
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•  Interference  between  inbound  trains  and  hump 
lead  activity; 

•  Interference  between  inbound  trains  and  car 
cuts  being  pulled  from  the  receiving  yard  to 
the  hump  lead(s); 

•  Interference  between  inbound  trains  and  the 
doubling  of  cars  of  other  inbound  trains  onto 
receiving  trucks;  and 

•  Interference  between  inbound  trains  and  pull¬ 
out  leads,  where  the  movements  of  cars  from 
the  bowl  to  the  departure  yard  and  then  out 
of  the  yard  was  taking  place. 

Because  the  Yard  Model  did  not  provide  a  complete  picture  of  yard 
hold-out,  it  was  necessary  to  perform  additional  analysis  on  the  yard 
simulation  results,  so  as  to  develop  more  complete  estimates  of  hold¬ 
outs  for  inclusion  in  the  corridor  operations  analyses.  This  analysis 
took  the  form  of  a  manual  adjustment  of  the  Inbound  Train  History  Report 
data  to  reflect  the  additional  hold-out  that  might  occur  at  a  particular 
yard,  due  to  the  types  of  conflicts  not  originally  comprehended  in  the 
yard  simulations. 

The  basic  procedures  employed  in  the  manual  adjustment  process  were 
as  follows: 

1)  Yard  configuration  was  examined  in  detail  and  a 
specific  set  of  inbound  movement  conflicts  were 
defined  for  the  yard  (these  were  defined  for  each 
group  of  tracks  in  the  yard  relative  to  each 
possible  inbound  route); 

2)  The  route  of  each  inbound  train  approaching  the 
yard  was  determined  from  CONSAD's  traffic  data; 

3)  Standard  times  required  to  complete  certain  move¬ 
ments  were  calculated,  based  on  the  model  input 
parameters  and  the  distances  involved; 
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4)  The  train  specific  movement  data  in  the  Inbound 
Train  History  Report  were  used  as  the  base  from 
which  the  analysis  was  conducted,  with  the  track 
assignments,  etc.  held  constant; 

5)  The  movement  of  each  inbound  train,  in  time  of 
arrival  sequence  from  first  train  of  the  day  to 
last  train  of  the  day,  was  traced  and,  on  the 
basis  of  the  information  developed  in  Steps  1-4, 
conflicts  with  other  yard  activity  were  identified; 

6)  If  conflicts  were  found  to  exist,  the  train  was 
held  out  of  the  yard  until  the  conflicting  move¬ 
ment  (s)  were  completed,  re  the  Inbound  History, 
and  the  train  could  be  received; 

7)  Delay  resulting  from  the  hold-out  was  calculated 
and  the  event  times  for  that  train  in  the  Inbound 
History  were  adjusted  accordingly  (see  Exhibit  3.11). 

8)  Each  subsequent  train  was  examined  and  hold-outs 
determined  based  on  the  ad  j us ted  event  times  of 
preceeding  train  movements;  and 

9)  Finally,  after  the  movement  of  all  trains  were 
analyzed  and  train  by  train  hold-outs  determined, 
a  summary  of  total  estimated  minutes  of  hold-out 
time  and  car-minutes  of  delay  were  determined  for 
the  yard. 

The  above  analysis  was  conducted  for  each  common  yard  under  each 
alternative  and  in  each  year  analyzed.  The  results  of  these  analyses 
have  been  summarized  and  are  presented  in  Appendix  D. 

The  results  of  these  analyses  were  then  factored  into  the  corridor 
operations  analyses  through  the  use  of  the  previously  mentioned  "string¬ 
lining"  technique.  Since  the  specific  corridor  or  route  for  each  in¬ 
bound  train  held-out  was  known,  the  impact  of  that  specific  hold-out  on 
the  corridor  could  be  assessed  (i.e.,  the  line  representing  the  train 
was  adjusted  to  reflect  the  delay  caused  by  the  hold-out,  and  the  impact 
of  the  delay  on  other  trains  operating  in  the  corridor  was  determined  by 
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the  adjustments  necessary  to  avoid  conflicts).  The  impacts  of  changes 
in  operations  due  to  yard  hold-outs  on  these  corridors  could  be  cascaded 

throughout  the  entire  corridor  network  to  determine  the  effects  of  hold- 

* 

outs  on  the  performance  of  the  entire  system. 

3.3.3  TOFC  Operations 

The  restructuring  of  physical  facilities  and  operational  patterns 
proposed  in  the  Phase  I  Study  included  a  plan  for  the  establishment  and 
operation  of  a  common  intermodal  terminal.  The  impetus  for  the  develop¬ 
ment  of  this  facility  was  two-fold.  First,  some  roads  would  be  scaling 
down  or  completely  abandoning  their  "home  yard"  facilities  and  need  an 
alternative  location  for  intermodal  operation.  Second,  current  high 
service  levels  demand  over  the  road  interchange  of  intermodal  traffic, 
an  operation  which  is  acknowledged  to  be  both  inefficient  and  extremely 
expensive.  Eight  of  the  14  line-haul  railroads  with  operations  in  the 
study  area  have  indicated  a  desire  to  participate  in  this  type  of  faci¬ 
lity  (BO,  CNW ,  CR,  ICG,  ITC,  LN,  MKT,  and  MP) .  *  These  eight  roads  ac¬ 
counted  for  approximately  67%  of  all  study  area  intermodal  freight  handlings 
in  1979  and  are  projected  to  account  for  72%  of  the  intermodal  traffic  in 
the  year  2000. 

The  proposed  terminal  facility  is  to  function  as:  1)  loading/un¬ 
loading  point  for  all  local  industry  traffic;  2)  a  classification  yard 
to  effect  interchange  among  participating  roads  and  between  the  parti¬ 
cipating  roads  and  non-participating  roads;  3)  an  outbound  train  yard 

*CRIP  traffic  included  for  analytic  consistency  with  study  day  - 
CRIP  operations  discontinued  March  1980,  volume  less  than  3%  of  total. 
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to  build  outbound  TOFC/COFC  blocks  for  solid  intermodal  trains  and  for 
trains  departing  other  classification  yards  with  other  traffic;  and 
4)  as  a  storage  facility  for  trailers  and  flat  cars.  Given  this,  and 
information  supplied  by  CONSAD  on  the  volume  and  type  of  intermodal  traf¬ 
fic  that  potentially  would  be  handled  by  the  facility,  SEK  devised  an 
initial  design  for  the  common  TOFC/COFC  terminal. 

A  manual  simulation  of  the  consolidated  intermodal  terminal  was 
designed  by  CONSAD  to  evaluate  the  interaction  between  the  physical  struc¬ 
ture  of  the  proposed  terminal  and  the  projected  container  flows  antici¬ 
pated  for  the  eight  rail  carriers  currently  planning  to  participate  in  the 
facility.  The  overall  procedure  of  the  simulation  developed  by  CONSAD  is 
depicted  in  Exhibit  3.19.  In  general,  CONSAD  simulated  the  movement  of 
inbound  and  outbound  traffic  in  the  terminal  area  according  to  the  assumed 
operating  policies.  The  simulation  was  framed  to  measure  the  performance  of 
the  system  for  the  evaluation  of  the  proposed  plant.  The  resulting  inform¬ 
ation  from  the  simulation  process  included  the  processing  time  of  trailers 
and  trains,  the  utilization  levels  of  the  facilities  and  the  required 
manpower  to  conduct  the  terminal  operations. 

Input  Data 

The  physical  structure  of  the  intermodal  terminal  to  be  evaluated 
was  furnished  by  SEK.  The  relevant  features  of  those  inputs  for  the 
simulation  are  summarized  below. 

The  physical  dimensions  of  the  major  facilities  have  been  described 
in  Exhibit  3.20.  The  traffic  data  base  for  1979  was  developed  by  adding 
the  observations  of  inbound  and  outbound  trains  and  trailers  handled  by 
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Exhibit  3.19:  Schematic  Diagram  of  Simulation 
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Exhibit  3.20:  Physical  Dimensions  of  Common  TOFC  Terminal 
(Final  Design  Configuration) 


Facility 


Number  of 
Tracks 


Average  Track 
Length  (flatcars) 


Pad  Tracks  Short  -  7  26 

(Loading/Unloading)  Long  -  6  54 


Storage  Tracks 


2 


60 


Receiving /Departure 

Tracks  2  61 


Flatcar  Repair  and 
Storage  of  Locomotive 

and  Caboose  8  10 
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the  eight  potential  participants  on  March  30  of  that  year.  The  demand 
patterns  in  1985  and  2000  were  projected  by  multiplying  the  1979  traf¬ 
fic  by  growth  factors  supplied  by  the  carriers. 

The  necessary  information  about  each  inbound  and  outbound  train  for 
the  simulation  is  as  follows: 

•  Schedule  of  train; 

•  Number  of  flatcars; 

•  Number  of  trailers;  and 

«  Destination  of  each  trailer. 

A  summary  of  the  traffic  data  input  to  the  simulation  is  presented  in 

Exhibit  3.21. 

Operational  Simulation  Procedures 

Having  discussed  the  data  input  to  the  analysis,  it  is  now  appro¬ 
priate  to  describe  the  procedures  used  to  simulate  inbound  and  outbound 
terminal  operations.  The  inbound  terminal  operation  refers  to  the  break- 
ing-up  of  an  inbound  train  into  locomotive,  caboose,  and  flatcars  and  the 
movement  of  trailers  from  flatcars  to  storage  lots.  The  outbound  terminal 
operation  involves  the  making-up  of  an  outbound  train  and  the  loading  of 
trailers.  Both  inbound  and  outbound  terminal  operations,  which  are  inter¬ 
related,  are  composed  of  the  sequence  of  sub-operations  defined  by  the 
decisions  made  by  the  three  operators:  yardmaster,  rail  supervisor  and 
gate  supervisor. 

Exhibit  3.22  depicts  the  flow  chart  for  the  terminal  operation  of 
an  inbound  train,  given  its  arrival  time,  number  of  flatcars,  and  number 
of  trailers.  The  hexagon  signifies  a  decision-making  component  in  the 
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Exhibit  3.21:  Volume  Distribution  of  Rail  Activities 


Distribution  by  Time  Period 


INBOUND  OUTBOUND 

Number  Number 


Time 

Period 

Number 
of  Trains 

of  Trailers 

Number 
of  Trains 

Of  Trailers 

1985 

2000 

1985 

2000 

0001-0200 

1 

91 

125 

1 

43 

102 

0201-0400 

3 

68 

122 

2 

57 

66 

0401-0600 

2 

59 

77 

1 

30 

72 

0601-0800 

2 

72 

174 

2 

85 

163 

0801-1000 

1 

36 

52 

0 

0 

0 

1001-1200 

3 

62 

100 

3 

93 

199 

1201-1400 

2 

74 

114 

0 

0 

0 

1401-1600 

0 

0 

0 

2 

35 

69 

1601-1800 

3 

192 

341 

1 

39 

93 

1801-2000 

1 

20 

32 

3 

114 

202 

2001-2200 

0 

0 

0 

4 

123 

210 

2201-2400 

O 

65 

152 

3 

136 

237 

Totals 

20 

739 

1289 

22 

755 

1413 

Distribution 

of  Train  Length 

Number 

of  Trains 

Train  Length 

Inbound 

Outbound 

(Flatcars) 

1985 

2000 

1985 

2000 

15  or  less 

2 

0 

2 

0 

16  -  30 

10 

5 

9 

3 

31  -  61 

4 

8 

10 

8 

Over  61 

4 

7 

1 

11 

Total 

20 

20 

22 

22 
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Exhibit  3.22:  Flow  Chart  for  Inbound  Terminal  Operations 
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terminal  operation  and  the  rectangle  refers  to  a  sub-operation  to  be 
undertaken  in  the  simulation  process.  The  letter  Y,  R,  or  G  in  paren¬ 
theses  indicates  whether  the  yardmaster,  rail  supervisor,  or  gate  super 
visor,  respectively,  is  responsible  for  carrying  out  the  activity  speci 
fied  in  the  hexagon  or  rectangle. 

The  activities  belonging  to  Block  A  are  associated  with  the  move¬ 
ment  of  an  inbound  train  within  the  terminal  area  before  the  breaking- 
up  of  the  train  and  the  unloading  operations  of  trailers  can  be  started 
at  the  pad  (loading/unloading)  track.  The  activities  in  Blocks  B  and  C 
correspond  to  the  breaking-up  process  of  the  train  and  the  unloading 
procedure  of  the  trailers,  respectively.  The  actions  specified  in  the 
rectangle  and  their  time  factors  are  described  below. 

•  Yard  on  Pad  Track  -  When  a  train  approached  the 
terminal,  the  yardmaster  searched  the  available 
pad  tracks.  The  availability  of  the  tracks 
depended  on  the  presence  of  empty  pad  tracks  and 
the  train  length.  If  an  empty  track  was  longer 
than  the  train  length,  the  yardmaster  could  spot 
the  train  on  that  track.  On  the  other  hand,  if 
the  train  length  was  longer  than  the  track  the 
remaining  portion  of  the  train  could  be  yarded 
on  other  empty  spaces  of  other  pad  tracks. 

•  Move  to  Receiving  Track  -  If  a  pad  track  was  not 
available,  the  incoming  train  was  moved  to  a 
receiving  track  or  remained  on  the  main  track. 

This  operation  required  the  additional  handling 
time  associated  with  the  following  activities: 

Spot  train  on  receiving  track; 

6  minutes  if  train  length<  track  length 

21  minutes  if  train  length > track  length 

Move  train  to  pad  track:  15  minutes. 
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•  Yard  Train  -  After  the  train  was  spotted  on  the 
pad  track,  the  rail  supervisor  undertook  the 
sequence  of  operations  shown  in  Exhibit  3.23: 

The  time  factors  in  carrying  out  those  actions 
were : 

Cut  train: 

6  minutes  if  train  length  <\  track  length 
10  minutes  if  train  length >h  track  length 
but  <  track  length 

25  minutes  if  train  length  > track  length 
Blue  flag  on:*  10  minutes 

•  Inspect  Flatcars  and  Unload  Trailers  -  These  two 
operations  were  undertaken  as  shown  in  Exhibit  3.22. 
The  time  factors  in  carrying  out  those  actions  were: 

Inspect  flatcars:  5  minutes  +  1  minute/car 

Remove  bad  order  car:  25  minutes 

Unload  trailers:  2  minutes/trailer 

Blue  flag  off:  2  minutes/trailer 

•  Move  flatcars  to  storage  track  -  If  the  unloaded 
flatcars  were  not  designated  for  an  outbound  train, 
they  were  moved  to  storage  tracks.  The  operation 
had  the  following  activities: 

Prepare  to  clear  the  track: 

15  minutes  if  train  length  <  ^  track  length 

27  minutes  if  train  length  track  lenght 

Move  to  storage  track:  10  minutes. 


*Process  of  placing  a  signal  flag  on  a  track  to  provide  protection 
for  workmen  in  accordance  with  Part  218,  Subpart  B,  of  the  Code  of 
Federal  Regulations. 
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Exhibit  3.23:  Flow  Chart  for  Yarding  Train 
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The  outbound  terminal  operation  was  initiated  by  taking  inventory 
of  the  trailers  accumulated  for  the  outbound  train  and  the  flatcars 
available  about  five  hours  before  the  departure  schedule.  After  deter¬ 
mining  the  trailers  to  be  loaded ,  about  four  hours  before  scheduled 
departure,  the  pad  track,  where  the  loading  operation  would  occur,  was 
chosen.  The  details  of  the  operating  procedures  are  depicted  in  Exhibit 
3.24. 

Activities  within  Block  A  correspond  to  the  decision-making  pro¬ 
cesses  before  the  actual  operations  of  train  make-up  and  trailer  loading 
can  be  started.  Activities  in  Block  B  represent  the  sequence  of  sub¬ 
operations  involved  with  the  movement  of  flatcars.  Block  C  specifies 
a  sequence  of  activities  for  the  loading  operation  of  trailers.  The 
details  of  the  tasks  and  the  time  factors  associated  with  each  action 
are  described  below: 

•  Choose  Pad  Track  -  The  necessary  length  of  the  pad 
track  depended  on  the  train  length.  If  the  train 
length  was  longer  than  an  available  track  length, 
an  additional  track  was  allocated. 

•  Spot  Flatcars  -  The  time  required  to  spot  flatcars 
depended  on  the  length  of  the  train  and  the  presence 
of  flatcars  on  the  track,  as  shown  below: 

Move  flatcars  from  storage  track:  60  minutes  if 
necessary 

Set  flatcars: 

20  minutes  if  train  length  <h  track  length 
30  minutes  if  train  length  track  length 


3.67 


Exhibit  3.24:  Flow  Chart  for  Outbound  Terminal  Operation 


•  Load  trailers  -  This  activity  necessitated  a  sequence 
of  sub-operations.  The  time  factors  for  those  sub¬ 
operations  were: 

Blue  flag  on:  10  minutes 

Load  trailers:  2  minutes /trailer 

Blue  flag  off:  10  minutes. 

•  Prepare  Departure  Operation  -  After  the  loading 
operation  was  completed,  the  locomotive  and  caboose 
were  attached  and  the  air  test  was  made.  The  time 
factors  for  those  activities  were: 

Connect  locomotive  and  caboose:  15  minutes 

Air  test:  25  minutes 

Simulation  Output  and  Analysis 

The  simulation  started  with  a  hypothetical  arrangement  of  flatcars, 
locomotives,  and  cabooses  over  the  terminal  area  at  2300  hours.  However, 
the  actual  arrangement  at  the  time  was  influenced  by  the  terminal  opera¬ 
tion  of  the  previous  day.  It  was  therefore  necessary  to  iterate  the 
simulation  up  to  the  point  at  which  the  arrangement  exhibits  the  iden¬ 
tical  pattern  with  the  one  at  that  time  period  of  the  previous  day. 

During  the  simulation,  the  three  persons  who  worked  as  yardmaster, 
rail  supervisor,  and  gate  supervisor  recorded  their  actions  on  the  pre¬ 
pared  sheets  in  order  to  amass  the  necessary  information.  The  simula¬ 
tion  data  recording  forms  were  designed  to  record  the  following: 

•  Starting  and  terminating  times  of  every  action; 

•  Starting  and  terminating  times  of  utilizations 
of  various  tracks;  and 

•  Number  of  crews,  flatcars,  cranes  and  tractors 
required  for  each  time  period. 
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The  records  made  during  the  simulation  were  tabulated  and  summarized 
to  produce  the  following  types  of  information: 

•  The  utilization  levels  of  the  various  tracks 
constituting  the  proposed  system; 

•  The  required  fleet  sizes  of  mobile  resources 
and  their  utilization  levels;  and 

•  Estimates  of  personnel  requirements  related 
to  facility  operations. 

Based  on  these  results,  CONSAD  was  able  to: 

•  Determine  whether  the  proposed  system  could 
effectively  accommodate  the  projected  traffic 
of  the  eight  carriers  involved: 

•  Determine  whether  every  component  of  tracks 
in  the  integrated  system  had  a  balanced  level 
of  utilization; 

•  Propose  alternative  arrangements  of  fixed 
facilities  (i.e.  ,  track)  which  would  improve 
the  terminal  operation;  and 

•  Evaluate  the  effectiveness  of  the  employment 

of  the  facilities'  resources  (fixed  and  mobile) 
in  relation  to  its  traffic  base. 

The  results  of  CONSAD 's  analysis  of  common  TOFC  operations  are 
summarized  and  discussed  in  Section  4.3  Common  TOFC  Service. 
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3.4  Reliability  of  Operations  and  Transit  Tine 


3.4.1  Reliability 

In  evaluating  the  performance  of  the  proposed  alternatives  for  the 
operation  of  the  rail  facilities  in  the  study  area,  three  basic  measures 
of  performance  were  selected.  These  were  cost,  transit  time,  and  relia¬ 
bility.  The  measurement  of  each  of  these  indicators,  and  the  evaluation 
of  these  measures,  has  been  treated  as  though  each  was  an  independent 
quantity,  in  spite  of  the  fact  that  each  is,  to  some  degree,  related  to 
the  others.  The  reason  for  this  is  twofold.  First,  the  relationships 
among  the  various  indicators  are  indirect,  and  second,  the  importance 
of  each  indicator  varies  with  the  perception  of  the  viewer. 

CONSAD’s  operations  analysis  of  the  St.  Louis  Railroad  Terminal 
restructuring  involves  the  analysis  of  four  major  operating  plans:  No 
Build,  Two-Yard  Directional,  Three-Yard  Directional,  and  Three-Yard 
Bidirectional.  These  alternative  plans,  due  to  the  unique  set  of  opera¬ 
tional  strategies  embodied  in  each,  should  have  somewhat  different  levels 
of  operational  reliability  associated  with  them.  Therefore,  in  order  to 
be  able  to  fully  evaluate  the  performance  of  alternative  restructuring 
plans  relative  to  one  another,  it  was  necessary  to  develop  seme  measure (s) 
of  the  reliability  of  railroad  operations  under  each  restructuring  plan. 

Reliability  in  railroad  operations  has  been  previously  addressed  in 
a  series  of  studies  conducted  at  the  Massachusetts  Institute  of  Tech¬ 
nology  in  the  early  1970’s.  In  that  work,  various  ways  of  defining  reli¬ 
ability  were  considered,  all  of  which  related  to  "Compactness"  (lack  of 
spread)  of  trip  time. 
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The  MIT  research  also  dealt  with  the  events  or  conditions  which 


lead  to  unreliability. 

While  the  St.  Louis  restructuring  study  was  different  in  several 
respects  from  the  railroad  operations  analyzed  by  MIT,  some  of  the 
principles  for  measuring  reliability  were  adaptable  to  the  St.  Louis 
Study.  In  particular,  CONSAD  determined  that  "number  of  times  handled", 
"missed  connections"  and  the  "distribution  of  transit  times"  for  cars 
moving  through  the  study  area  were  the  essential  aspects  of  service 
reliability  that  could  and  should  be  addressed  in  analyzing  the  four 
St.  Louis  alternative  operating  plans. 

The  key  aspect  was  missed  connections,  the  number  and  percent  of 
cars  which  moved  through  the  study  area  and  exited  on  other  than  their 
"scheduled"  connections.  It  was  the  focus  of  much  of  CONSAD' s  efforts 
on  this  subject. 

Missed  connections  include  both  early  and  late  departures.  Early 
departure  is  probably  not  as  undesirable  as  late  departure  inasmuch  as 
this  may  provide  slack  which  may  guarantee  connections  at  subsequent 
yards.  However,  given  fixed  levels  of  resources,  early  departure  may 
cause  other  traffic  to  move  late.  Thus,  both  early  and  late  departures 
from  the  study  area  may  be  undesirable. 

CONSAD  has  performed  simulations  of  train  movements  and,  in  turn, 
traffic  flows  throughout  the  St.  Louis  Gateway.  This  has  involved  sep¬ 
arate  but  interrelated  simulation  of  three  common  yards,  the  proposed 
common  TOFC  facility,  and  the  35  segments  which  comprise  the  study  area 
corridor  system.  One  set  of  specifications  of  the  system  was  the  set  of 
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arrival  and  departure  times  for  inbound  and  outbound  road  trains,  trans¬ 
fers,  and  local  industrial  service.  This  de  facto  train  schedule  has 
been  carefully  interrelated  between  yard  and  corridor  simulations  so 
that  train  departure  onto  the  corridors  and  arrivals  at  yards,  as  per 
the  corridor  simulation,  match  the  times  at  which  trains  depart  and 
arrive  at  the  common  yards. 

The  steps  through  which  a  car  switched  at  St.  Louis  passes  include 
some  or  all  of  the  following: 

•  Arrival  at  a  home  yard; 

•  Switching  at  the  inbound  home  yard; 

•  Movement  by  a  transfer  train  to  a  common  clas¬ 
sification  yard; 

•  Switching  at  the  common  yard; 

•  Movement  on  a  second  transfer  train  to  a 
second  common  classification  yard; 

•  Switching  at  the  second  common  yard; 

•  Movement  on  a  transfer  to  an  outbound  home  yard; 

•  Switching  at  the  outbound  home  yard;  and 

•  Departure  on  an  outbound  road  train. 

The  above  is  the  extreme.  Exhibit  3.25  shows  the  number  and  percentage 
of  cars  handled  with  varying  numbers  of  transfer  movements,  under  each 
of  the  major  alternatives.  Each  transfer  movement  represents  an  addi¬ 
tional  handling  of  a  car,  with  each  additional  handling  carrying  with 
it  the  potential  for  missed  connections.  Thus,  this  list  defines  the 
possible  points  in  the  move  through  the  study  area  at  which  connections 
can  be  missed  and  where  reliability  may  drop  as  a  result. 
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Exhibit  3.25:  Car  Handling  Under  Restructuring  Alternatives 


1979 

No  Build 


Cars  in  thru  trains 

2070 

(23%) 

Cars  to  be  handled 

with  no  transfers 

1585 

(18%) 

with  1  transfer 

3269 

(36%) 

with  2  transfers 

1683 

(19%) 

with  3  transfers 

393 

(  4%) 

Subtotal  -  cars  handled 

6930 

(77%) 

Total  Cars 

9000 

(100%) 

1985 

Two-Yard 

Three 

-Yard 

Three 

-Yard 

No 

Build 

Directional 

Directional 

Bidirectional 

Cars  in  thru  trains 

2690 

(26%) 

2690 

(26%) 

2690 

(26%) 

2690 

(26%) 

Cars  to  be  handled 

with  no  transfers 

1811 

(17%) 

3383 

(32%) 

4009 

(37%) 

4730 

(45%) 

with  1  transfer 

3736 

(35%) 

4057 

(38%) 

3014 

(28%) 

3174 

(29%) 

with  2  transfers 

1924 

(18%) 

449 

(  4%) 

817 

(  8%) 

0 

(  0%) 

with  3  transfers 

449 

(  4%) 

31 

(  0%) 

80 

(  1%) 

16 

(  0%) 

Subtotal  -  cars  handled 

7920 

(74%) 

7920 

(74%) 

7920 

(74%) 

7920 

(74%) 

Total  Cars 

10610 

(100%) 

10610 

(100%) 

10610 

(100%) 

10610 

(100%) 

Cars 

in  thru  trains 

No  Build 

5940  (35%) 

2000 

Two-Yard 
Directional 
5940  (35%) 

Three-Yard 
Directional 
5940  (35%) 

Three-Yard 
Bidirectional 
5940  (35%) 

Cars 

to  be  handled 
with  no  transfers 

2520 

(15%) 

4707 

(28%) 

5577 

(33%) 

6581 

(39%) 

with  1  transfer 

5199 

(31%) 

5644 

(33%) 

4194 

(25%) 

4417 

(26%) 

with  2  transfers 

2677 

(16%) 

625 

(  4%) 

1137 

(  7%) 

0 

(  0%) 

with  3  transfers 

624 

(  4%) 

44 

(  0%) 

112 

(  1%) 

22 

(  0%) 

Subtotal  -  cars  handled 

11020 

(65%) 

11020 

(65%) 

11020 

(65%) 

11020 

(65%) 

Total  Cars 

16960 

(100%) 

16960 

(100%) 

16960 

(100%) 

16960 

(100%) 

Note:  Car  in  thru  train  =  0  car  handling; 

car  handled  with  no  transfers  =  1  car  handling; 
car  handled  with  1  transfer  =  2  car  handling 
car  handled  with  2  transfers  =  3  car  handlings,  and 
car  handled  with  3  transfers  =  4  car  handlings. 
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Whenever  a  rail  car  is  switched  (or  handled)  there  are  several 
opportunities  for  things  to  go  wrong.  The  car  can  be  bad  ordered, 
no-billed,  or  misswitched,  all  of  which  result  in  delay.  Thus,  one 
indirect  measure  of  reliability  by  which  the  operating  plans  could 
be  compared  is  the  number  of  times  cars  were  switched  in  the  study 
area.  The  total  number  of  car  handlings  and  the  average  handlings 
per  car,  under  each  alternative,  were  determined  from  the  information 
provided  in  Exhibit  3.25  and  are  presented  in  Section  4.0,  Results. 

Delays  may  also  occur  in  the  normal  process  of  classification. 

Not  all  cars  are  detained  in  a  classification  yard  the  same  amount  of 
time.  Rather,  there  is  a  distribution  of  detention  times.  Thus,  some 
cars  which  arrived  at  the  yard  later  than  others  of  the  same  outbound 
classification  (or  which  required  a  longer  time  to  process  in  the 
receiving  yard)  are  more  likely  to  arrive  in  the  bowl  after  the  pull 
time  for  that  outbound  classification  and  would  be  left  behind  to  con¬ 
nect  with  the  next  later  outbound  train  carrying  that  classification. 

Another  measure  of  reliability  was  missed  connections  and  their 
effect  on  transit  time  of  cars  through  the  study  area.  In  order  to 
develop  this  measure  of  reliability,  it  was  necessary  to  trace  the  move¬ 
ment  of  traffic  through  the  study  area  in  its  entirety. 

The  system  of  interest  consists  of  1493  OD  (Origin-Destination) 
Pairs  in  the  base  year  (1979).  An  OD  Pair  consists  of  one  or  more  cars 
to  be  switched  in  the  St.  Louis  Gateway  which  are  scheduled  to  move  on 
the  same  inbound  train  and  outbound  train.*  In  the  year  2000,  that 

*Also  included  is  traffic  orginating  and  terminating  in  the 
study  area. 
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number  is  projected  to  increase  to  1,787  OD  Pairs.  The  tracing  of 
all  of  these  movements  through  the  study  area  would  have  required 
an  expenditure  of  resources  greater  than  was  either  available  or 
warranted  for  the  reliability  analysis.  Therefore,  CONSAD  traced  such 
movements  on  a  sample  basis  to  identify  trains  on  which  portions  of 
the  traffic  move  at  each  stage  of  their  processing. 

A  flow  diagram  of  the  steps  in  this  process  is  shown  in  Exhibit 
3.26.  CONSAD  decided  to  draw  a  sample  of  the  OD  Pairs  which  would  exist 
in  all  three  horizon  years,  and  analyze  their  movements  for  all  four 
alternative  operating  scenarios.  Because  cars  in  run  thru  trains  were 
technically  not  "handled"  in  the  study  area,  the  OD  Pairs  for  run  thru 
train  traffic  were  excluded  from  the  sample.  The  remaining  OD  Pairs 
were  ranked  by  size,  measured  in  number  of  cars,  and  then  stratified 
so  that  one  half  of  the  total  number  of  cars  was  resident  in  each  of 
two  strata.  A  ten  percent  random  sample  of  the  OD  Pairs  in  each  stratum 
was  then  taken,  yielding  a  total  of  69  specific  OD  Pairs  for  analysis. 
Since  the  size  of  OD  Pairs  varied  widely,  this  stratified  random  sampling 
plan  ensured  that  the  sample  of  OD  Pairs  eventually  analyzed  was  reason¬ 
ably  representative  of  car  movements  in  the  study  area,  with  both  large 
and  small  moves  given  the  appropriate  consideration. 

The  tracing  of  these  OD  Pairs  through  the  system  was  accomplished 
by  referring  to  the  results  of  the  yard  and  corridor  simulations. 

CONSAD  identified  all  of  the  moves  and  assignments  of  all  or  part  of 
the  OD  Pairs  to  specific  intermediate  and  outbound  trains.  This 
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Exhibit  3.26:  Flow  Diagram  of  Procedure  for  Estimating  Reliability 
in  Terms  of  Rail  Connections  Made 
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required  knowledge  of  the  connections  made  in  the  yards  and  the  train 
schedules,  all  of  which  are  contained  in  the  data  system.  Having  all 
of  this  information  on  hand  and  with  minor  processing  of  the  yard  simu¬ 
lation  results,  CONSAD  developed  the  required  car  movement  information. 

The  MIT  work  cited  above  showed  that  the  most  frequent  cause  of 
unreliable  service  was  the  failure  of  the  car  to  operate  on  the  outbound 
train,  either  because  cf  a  block  being  left  off  an  outbound  train,  or 
an  outbound  train  not  being  run,  and  the  second  most  frequent  reason  was 
late  arrivals  of  inbound  trains. 

Generally,  inbound  trains  to  the  study  area  arrived  within  a  range 
of  seven  hours  ahead  tc  eight  hours  after  their  de  facto  schedule.  Out¬ 
bound  trains  from  the  study  area  generally  failed  to  operate  one  day  per 
week  or  14.3  percent  of  the  time.  For  the  purpose  of  this  evaluation  of 
reliability,  it  was  assumed  that  the  behavior  of  inbound  trains  (and  the 
behavior  of  outbound  trains,  since  it  is  a  function  of  the  behavior  of 
inbound  trains)  would  tot  differ  between  the  various  alternatives.  The 
requirement  each  road  haul  carrier  has  to  balance  engines,  cabooses, 
and  crews  is  seen  as  the  overriding  criterion. 

Thus,  the  reliability  that  is  associated  with  each  alternative  is 
strictly  the  reliability  of  the  facilities  and  their  operation. 

In  accumulating  and  analyzing  the  traffic  data  for  the  Phase  II 
study,  it  was  determined  that  2^  percent  of  the  cars  passing  through 
the  common  yards  were  bad  ordered  so  as  to  need  spotting  on  a  repair 
track,  and  that  one  percent  of  the  cars  were  placed  on  the  hold  tracks 
due  to  improper,  or  lost,  waybill  information.  From  discussions  with 
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terminal  area  operating  personnel,  it  has  been  determined  that  approxi¬ 
mately  one  percent  of  the  cars  switched  are  switched  into  the  wrong 
track,  due  to  human  error.  This  led  to  the  conclusion  that  there  was 
a  4.5  percent  chance  of  some  error  in  each  switching  or  car  handling  in 
the  terminal  area.  A  switching  error  of  the  type  mentioned  here  was 
almost  certain  to  cause  a  car  to  miss  its  scheduled  connection  and  thus 
it  was  assumed  that  there  was  an  equivalent  4.5  percent  probability  of 
a  missed  connection  associated  with  each  switching  or  handling. 

Given  the  above  information,  the  probability  that  any  car  would 
make  its  scheduled  connection  in  any  facility  was  81.8  percent  (95.5 
percent  probability  of  no  switching  error  times  the  85.7  percent  prob¬ 
ability  of  the  outbound  train  operating,  since  these  are  independent 
events).  Thus,  every  time  a  car  was  handled  it  had  an  81.8  percent 
probability  of  making  its  scheduled  connection  or,  conversely,  an  18.2 
percent  probability  of  missing  its  scheduled  connection.  Knowing  the 
number  of  handlings  involved  with  the  movement  of  each  of  the  sample 
OD  Pairs  through  the  system,  it  was  possible  to  determine  the  percent¬ 
age  of  cars  in  each  OD  Pair  that  would  move  through  the  system  without 
missing  a  connection.  This  was  done  using  the  formula: 

P  =  .818n 
m 

where:  P 

m 

n 

.818 


was  the  percent  of  cars  making  all  scheduled 
connections ; 

was  the  number  of  handlings  for  the  OD  Pair;  and 

was  the  probability  of  making  a  connection  for 
any  handling. 
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The  P  factor  determined  for  an  OD  Pair  was  then  multiplied  times  the 

m 

number  of  cars  in  that  OD  Pair  to  yield  the  number  of  cars  making  all 
connections  and  operating  completely  on  schedule,  with  the  number  of 
cars  missing  at  least  one  connection  equal  to  the  total  number  of  cars 
less  the  number  making  all  connections.  Additionally,  since  the  two 
components  of  P^  were  known,  probability  of  no  switching  errors  and 
probability  of  the  outbound  trains  running,  it  was  possible  to  estimate 
the  percentages  and  numbers  of  cars  in  each  OD  Pair  not  moving  accord¬ 
ing  to  schedule  due  to  switching  error  or  mishandling  and  the  number 
not  moving  due  to  the  cancellation  of  their  outbound  train. 

Weighted  average  statistics  for  the  sample  OD  Pairs,  under  each 
alternative,  were  calculated  and  applied  to  the  total  traffic  volumes 
which  they  represented  to  yield  estimates  of  the  number  of  cars  not 
meeting  their  schedules,  given  the  assumptions  implicit  in  this  analysis. 
These  estimates  have  been  summarized  and  are  presented  in  the  Results 
Section  of  this  report. 

3.4.2  Transit  Time 

The  sample  of  OD  Pairs  used  in  the  development  measures  was  also 
used  in  the  determination  of  transit  time.  Transit  time  is  defined, 
for  the  purpose  of  this  analysis,  as  the  elapsed  time  between  the  entry 
of  a  car  into  the  study  area  (or  movement  from  a  local  industry)  and 
the  exit  of  that  same  car  from  the  study  area  (or  delivery  to  a  local 
industry).  The  complete  movement  of  each  OD  Pair  was  examined  to  deter¬ 
mine  the  transit  time.  The  results  of  these  calculations  are  shown  in 
Section  4.0,  Results. 
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As  part  of  the  analysis  of  transit  time.  CONSAD  measured  the  "com¬ 
pactness"  of  the  distribution  of  transit  times  through  the  study  area 
for  cars  in  the  sample  OD  Pairs.  This  served  as  the  third  and  final 
measure  of  reliability.  The  distribution  of  transit  times  was  measured 
as  the  standard  deviation  about  the  mean  for  transit  time  of  cars  under 
each  alternative.  The  results  of  this  analysis  are  also  presented  in 
Section  4. 
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3.5  Operations  Cost  Analysis 


One  of  the  critical  determinations  required  for  the  evaluation  of 
alternative  restructuring  plans  for  the  St.  Louis  Railroad  Gateway  was 
the  cost  of  operations  that  would  be  incurred  by  the  railroads  involved, 
under  each  alternative,  and  the  relationship  of  those  operating  costs 
to  the  capital  costs  of  implementing  each  plan.  In  this  section  of  the 
report,  the  methodologies  employed  in  the  determination  of  operating 
costs  for  each  of  the  operational  components  of  the  study  area  (i.e., 
yards,  corridors,  intermodal  facilities,  transfers,  and  home  road  opera¬ 
tions)  are  described.  The  final  portions  of  this  section  deal  with  the 
development  of  system  costs  for  each  restructuring  alternative  and  the 
allocation  and/or  attribution  of  these  costs  to  the  various  railroads 
associated  with  the  restructuring  effort. 

Prior  to  the  development  of  any  specific  methodologies  for  esti¬ 
mating  costs,  CONSAD  examined  several  alternative  approaches  and  poten¬ 
tial  sources  of  cost  data.  The  following  six  general  alternatives  were 
identified: 

•  Develop  railroad  costs  specific  to  St.  Louis; 

•  Develop  costs  by  individual  railroad  operating 

division; 

•  Develop  system  costs  by  specific  Class  I  railroad; 

•  Develop  system  costs  by  specific  Class  I  and  Class  II 

railroads ; 

•  Develop  actual  Class  II  carrier  costs,  within  St. 

Louis  Terminal;  and 

•  Develop  zero-based  costing. 
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In  developing  methodologies  for  the  estimation  of  operating  costs 
for  each  of  the  operational  components,  the  various  alternative  approaches 
and  data  sources  were  reviewed  and  evaluated  as  to  their  applicability 
for  use  in  the  study  based  on  the  following  primary  criteria : 

•  Reliability  of  cost  sources  and  operating 
statistics ; 

•  Uniformity  among  cost  accounts  and  operating 
statistics ; 

•  Consistency  in  reporting; 

•  Availability  of  costs  and  operating  statistics; 

•  Compatibility  in  relationship  to  analyzing  his¬ 
torical  cost  data;  and 

•  Time  and  effort  involved  in  gathering  cost  data. 

The  general  approach  ultimately  followed  in  the  costing  of  operations  for 
any  one  of  the  individual  operational  components  was  the  one  which  best 
met  the  above  criteria  with  regard  to  that  component  and  the  nature  of 
its  operations. 

The  different  methodologies  employed  for  the  estimation  of  operating 
costs  are  described.  However,  it  should  be  noted  that,  while  the  ap¬ 
proaches  taken  in  cost  estimation  for  the  various  operating  components 
may  differ  somewhat,  the  operating  costs  determined  as  a  result  of  these 
methodologies  are  similar  in  two  very  important  respects.  These  are: 

1)  Throughout  the  analyses,  costs  were  determined 
for  each  of  the  same  six  major  railroad  activity/ 
cost  accounts  (Maintenance  of  Way,  Maintenance  of 
Equipment,  Transportation,  General  and  Administra¬ 
tive,  Equipment  Capital,  and  Car  Costs);  and 

2)  All  costs  were  estimated  in  constant  1979  dollars. 
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These  two  similarities  made  it  possible  to  aggregate  individual  operating 
components  (yards,  corridors,  etc.)  costs  to  yield  uniform  system  costs, 
and  allowed  meaningful  comparisons  between  the  operating  costs  estimated 
for  various  restructuring  alternatives  and  years  to  be  made. 

3.5.1  Yard  Operations  Costing 

The  general  approach  followed  in  the  costing  of  operations  of  the 
common  railroad  yards  involved  in  the  study  was  to  develop  actual  Class  II 
carrier  costs  for  the  two  major  terminal  and  switching  companies  operating 
within  the  St.  Louis  Gateway,  namely  the  Terminal  Railroad  Association  of 
St.  Louis  (TRRA)  and  the  Alton  and  Southern  Railway  Company  (A&S).  The 
primary  reasons  for  taking  this  approach  were  the  following: 

•  These  Class  II  carriers  operate  the  major  existing 
common  yard  facilities  within  the  study  area; 

•  Except  for  New  Yard,  the  majority  of  the  proposed 
yard  facilities  would  be  expansions  of  the  existing 
facilities  operated  by  these  carriers; 

•  The  scope  of  operations  of  these  carriers  is  limited 
to  the  St.  Louis  area,  with  its  specific  geographic, 
climatic,  and  railroad  operational  characteristics; 
and 

•  Historical  cost  data  which  were  relatively  uniform, 
reliable,  and  readily  available  in  the  form  of  Annual 
Reports  (Form  R-2)  submitted  by  these  carriers  to  the 
ICC. 

The  only  major  drawback  in  using  this  approach  was  that  the  cost  data 
provided  in  the  R-2  Reports  were  not  exceedingly  detailed.  However, 
through  the  use  of  data  from  other  published  sources  and  additional  data 
supplied  by  the  carriers,  it  was  possible  to  develop  cost  data  of  a  suf¬ 
ficient  level  of  detail  and  accuracy  for  use  in  this  study. 
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In  general,  the  methodology  employed  in  the  estimation  of  yard  oper¬ 
ating  costs  was  based  upon  previous  studies  conducted  for  the  Transpor¬ 
tation  Systems  Center  (TSC)  of  the  U.S.  Department  of  Transportation  and 
the  Federal  Railroad  Administration  and  uses  costs  developed  from  the 
ICC  Accounts  of  the  TRRA  and  the  A&S.  This  methodology  encompassed  all 
activities  and  cost  categories  related  to  yard  operations,  which  were: 

•  Maintenance  of  Way  (MOW); 

•  Maintenance  of  Equipment  (MOE) ; 

•  Transportation  (switching  costs); 

•  General  and  Administrative  Expenses  (G&A) ; 

•  Equipment  Capital  Costs  (locomotives);  and 

•  Car-Hire  Costs. 

Actual  dollar  figures  and  operating  statistics  associated  with  the  above 
activity/cost  categories  or  accountes  were  obtained  from  the  1978  R-2 
Reports  of  the  TRRA  and  the  A&S  and  from  information  supplied  by  SEK. 

The  specific  procedures  followed  for  the  estimation  of  yard  operat¬ 
ing  costs  in  each  of  the  major  activity/cost  accounts  are  summarized 
below.  Exhibit  3.27  presents  the  yard  operating  unit  cost  factors 
derived  and  employed  in  these  costing  procedures. 

Maintenance  of  Way 

For  the  estimation  of  Maintenance  of  Way  (MOW)  costs,  the  actual 
experience  of  the  TRRA  and  A&S  was  used.  From  the  1978  R-2  Reports  of 
these  carriers,  it  was  determined  that  the  TRRA  and  A&S  expenditures  for 
maintenance  of  roadway  were  $11,796  and  $11,659  per  mile  of  switching 
track,  respectively.  These  two  rates  were  weighted  by  the  number  of 
miles  of  track  represented  by  each  and  combined  to  yield  a  composite 
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Exhibit  3.27:  Yard  Operations  Unit  Cost  Factors 
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average  of  $11,751  per  crack-mile.  This  1978  figure  was  adjusted  to 
1979  dollars  using  the  Indexes  of  Railroad  Material  Prices  and  Wage 
Rates ,  published  by  the  AAR  Economics  and  Finance  Department, 

January  30,  1980.*  The  1979  adjusted  annual  cost  per  track-mile  was 
$12,867. 

There  were  costs  involved  with  the  MOW  category  other  than  the 
direct  cost  of  roadway  maintenance.  These  costs  which  were  associated 
with  MOW  but  not  included  in  roadway  (running  and  switching  track) 
maintenance  consisted  of: 

•  Maintenance  of  structures  (i.e.,  office  buildings, 
shops,  roads,  fences,  etc.); 

•  Administration; 

•  Casualties  and  insurance; 

•  Depreciation  expense;  and 

•  Other  expenses. 

The  nature  of  the  engineering  work  in  this  study,  for.  the  planned  yards, 
was  that  track  geometry  information  was  available  but  not  in  detail  on 
all  of  the  structures  and  support  facilities.  Hence,  it  was  not  possible 
to  accurately  estimate  their  operating  costs  individually.  However,  it 
was  reasonable  to  assume  that  these  costs  as  a  group  were  directly 
related  to  the  size  or  scale  of  yard  operations,  of  which  miles  of  yard 
trackage  was  a  significant  indicator.  Therefore,  these  other  costs  were 
estimated  as  a  percentage  of  roadway  maintenance.  The  cost  of  these 

*In  this  case  and  all  others,  U.S.  average  indexes  were  used  as 
inflators.  The  grouped  indexes  for  "Material  prices,  wage  rates  and 
supplements  combined  (excluding  fuel)"  were  used  to  adjust  all  cost 
categories  except  fuel,  which  was  adjusted  separately  using  the  spe¬ 
cific  fuel  indexes. 
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items  in  1978  equaled  43  percent  and  49  percent  of  roadway  maintenance 
for  the  TRRA  and  A&S,  respectively,  with  the  combined  percentage  being 
45  percent. 

Total  annual  yard  maintenance  of  way  costs,  then,  were  estimated 
as  follows: 

•  The  total  number  of  track-miles  for  each  yard  were 

determined  from  engineering  data  supplied  by  SEK; 

( 

•  The  number  of  track  miles  were  multiplied  by  the 
roadway  maintenance  unit  cost  of  $  1 2 ,867/track-mile/ 
year  to  yield  annual  maintenance  of  roadway  cost; 

•  Annual  maintenance  of  roadway  cost  was  multiplied 
times  0.45  to  give  an  estimate  of  the  other  associ¬ 
ated  costs  per  year;  and 

•  The  annual  cost  of  roadway  maintenance  and  associated 
costs  were  summed  to  determine  total  annual  MOW  costs 
for  the  yard. 

The  various  "build"  alternatives  involve  changing  main  track  speed 
limits,  replacing  jointed  rail  with  continuous  welded  rail  on  corridors 
and  in  yards,  increasing  the  weight  of  rail  on  corridors,  and  using 
heavier  rail  in  the  newly  constructed  portions  of  yards. 

Since  these  changes  are  known  to  have  effects  on  maintenance  costs, 
the  base  maintenance  cost  derived  above  was  adjusted  using  American  Rail¬ 
way  Engineering  Association  Equated  Mileage  Parameters  as  appropriate  for 
each  yard.* 

Maintenance  of  Equipment 

The  primary  maintenance  of  equipment  (MOE)  cost  in  the  yards  were 
those  for  yard  locomotives  and  car  inspectors,  assuming  that  the  actual 

*American  Railway  Engineering  Association,  Manual  for  Railway 
Engineering,  Washington,  D.C. ,  1980,  pp.  22-4-1  through  22-4-3. 
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car  repair  costs  were  billed  directly  to  their  owners.  All  other  equip¬ 
ment  maintenance  costs  were  comparatively  small  and  were  assumed  to  be  a 
direct  function  of  the  primary  MOE  costs,  with  the  following  exceptions: 
depreciation  -  accounted  for  in  equipment  capital  costs;  equipment  rents 
-  generally  accounted  for  in  car-hire  costs;  and  repair  and  maintenance 
of  cars  -  billable  to  car  owners.  Therefore,  MOE  costs  were  arrived  at 
by  directly  determining  the  costs  associated  with  locomotive  maintenance 
and  car  inspectors,  estimating  other  MOE  costs  as  a  percentage  of  these 
primary  costs,  and  summing  to  yield  total  MOE  cost  for  a  yard. 

The  initial  step  taken  in  the  estimation  of  MOE  was  to  develop  unit 
cost  bases  for  the  estimation  of  locomotive  maintenance  costs  and  the 
cost  of  car  inspectors.  The  base  chosen  here  was  locomotive  unit  hours, 
since  this  operating  statistic  was  considered  to  be  a  direct  determinant 
of  locomotive  maintenance  costs  and  was  both  available  from  the  R-2’s 
and  from  the  yard  simulation  model  output.  From  the  1978  R-2  Reports, 
it  was  determined  that  TRRA  spent  $1,411,000  on  locomotive  maintenance 
and  accumulated  337,019  unit  hours  ($3 . 74/hour ) ,  while  the  A&S,  with  a 
locomotive  fleet  one-third  the  size  of  the  TRAA's,  spent  $629,000  and 
accumulated  123,020  unit  hours  ($5 . 1 1 /hour) .  The  weighted  composite 
unit  cost  of  the  two  roads  for  1978  was  $4. 07/locomotive  unit  hour, 
which  when  adjusted  to  1979  dollars  became  $4. 46/locomotive  unit  hour. 
The  cost  of  car  inspectors  was  based  on  the  average  hourly  rate  for  this 
class  of  employee,  as  documented  by  SEK.  The  1979  hourly  rate  for  car 
inspectors,  including  35  percent  fringe  benefits,  was  $11.64.  Finally, 
the  combined  percentage  for  all  other  MOE  costs,  relative  to  the  primary 
costs,  was  44  percent. 
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To  estimate  the  total  MOE  cost  associated  with  the  daily  operations 
of  a  particular  yard,  the  following  general  procedure  was  followed: 

•  The  number  of  locomotive  unit  hours  and  car 
inspector  hours  per  day,  required  for  yard 
operations,  were  determined  from  the  yard 
simulation  output  (Conrail  Yard  Model) ; 

•  Locomotive  maintenance  costs  were  calculated 
by  multiplying  the  number  of  locomotive  unit 
hours  by  the  locomotive  maintenance  unit  cost 
factor  of  $4.46  per  locomotive  unit  hour; 

•  Car  inspector  costs  were  calculated  by  multi¬ 
plying  the  number  of  car  inspector  hours  by  the 
average  hourly  rate,  including  fringe  benefits, 
for  car  inspectors  of  $11.64  per  hour; 

•  Locomotive  maintenance  and  car  inspector  costs 
were  summed  and  multiplied  by  0.44  to  estimate 
the  overhead  costs  associated  with  MOE;  and 

•  Total  MOE  cost  was  then  the  sum  of  locomotive 
maintenace,  car  inspector,  and  overhead  costs. 

Transportation  (Switching) 

The  primary  transportation  costs  which  could  be  directly  estimated  as 
a  result  of  yard  operations  were  the  costs  of  yard  switch  engine  fuel  and 
crews.  The  average  cost  of  railroad  diesel  fuel  in  1978  was  $0.3794 
per  gallon,  from  AAR  estimates,*  which  when  inflated  to  1979  price 
levels  became  $0.5653  per  gallon.  The  average  fuel  consumption  of  a 
standard  switch  engine  has  been  estimated  by  TSC  to  be  10  gallons  per 
hour.  This  yielded  an  average  hourly  fuel  cost  of  $5. 563/locomotive 
unit  hour.  The  average  consumption  figures  for  TRRA  and  A&S,  estimated 
from  R-2  Report  data,  were  9.48  gallons/hour  and  10.73  gallons /hour , 


*The  Association  of  American  Railroads,  Economics  and  Finance 
Department ,  Statistics  of  Railroads  of  Class  I  in  the  United  States, 
1968-1978,  Washington,  D.C.,  1979. 
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respectively,  so  the  10  gallons/hour  TSC  estimate  seemed  applicable  to  the 
St.  Louis  Terminal  area.  The  hourly  cost  for  each  member  of  a  switch  crew 
in  19/9  was  established  by  SEK.  From  SEK  data,  the  percentages  of  four  and 
five  man  switch  crews,  15%  and  84%  respectively,  were  determined.  Using 
this  data,  the  weighted  average  crew  cost  was  calculated  as  $37. 06/hour. 
When  fringe  benefits  were  included,  the  rate  became  $49. 90/hour. 

Several  smaller  cost  accounts  which  were  related  to  transportation 
but  not  directly  accounted  for  in  fuel  or  crew  costs  consisted  of  the 
following : 

•  Administration; 

•  Other  yard  expenses; 

•  Specialized  services; 

•  Administrative  support  operations; 

•  Loss  and  damage; 

•  Casualities  and  insurance;  and 

•  Other  expenses. 

The  costs  resident  in  these  accounts,  because  they  were  individually  small 
and  not  directly  determinable,  were  considered  as  overhead  on  the  primary 
accounts  of  fuel  and  crews.  The  expenditures  of  the  TRRA  and  A&S  for  the 
sum  of  the  above  accounts  were  calculated  and  taken  as  a  percentage  of  the 
total  expenditure  on  fuel  and  crews  to  yield  an  applicable  overhead  rate 
for  transportation.  The  combined  overhead  rate  on  fuel  and  crew  costs 
for  the  TRRA  and  A&S  was  85  percent. 

The  procedure  for  estimating  total  daily  transportation  costs  as¬ 
sociated  with  the  operations  of  a  particular  rail  yard  was  as  follows: 
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•  The  number  of  locomotive  unit  hours  and  engine  crew 
hours  required  in  yard  operations  was  determined 
from  the  yard  simulations; 

•  Fuel  cost  was  calculated  as  the  number  of  locomotive 
unit  hours  times  the  average  hourly  cost  of  consumed 
fuel  ($5 . 653/hour) ; 

•  Crew  costs  were  arrived  at  by  multiplying  the 
number  of  engine  crew  hours  by  the  average  hourly 
crew  cost  of  $49.90; 

•  Overhead  was  calculated  as  85%  or  0.85  times  the 
total  of  fuel  and  crew  costs;  and 

•  Total  transportation  cost  was  the  sum  of  the 
costs  associated  with  fuel,  crews  and  overhead. 

General  and  Administrative 

General  and  administrative  expense  (G&A)  was  estimated  as  a  per¬ 
centage  of  all  other  costs  accounted  for  above.  The  combined  G&A  per¬ 
centage  rate  calculated  from  the  R-2  reports  of  the  TRRA  and  A&S  was 
5.7  percent.  Thus,  G&A  expense  associated  with  yard  operations  was 
determined  by  multiplying  the  sum  of  MOW,  MOE,  and  transportation  costs 
times  0.057.  However,  before  calculating  G&A,  all  of  these  costs  had 
to  be  converted  to  a  common  base  of  annual  dollars. 

Equipment  Replacement  Capital 

The  only  major  yard  operating  equipment  capital  cost  not  accounted 
for  in  the  preceeding  cost  accounts  was  the  cost  of  owning  a  switch  loco¬ 
motive.  This  particular  cost  was  determined  separately. 

The  average  1979  cost  of  a  four-axle  switch  engine  was  $460,000,  as 
supplied  by  the  Electro  Motive  Division  of  General  Motors  Corporation. 

The  average  life  expectancy  was  estimated  to  be  20  years  with  a  10% 
salvage  value  at  the  end  of  the  useful  life.  The  total  amount  to  be 
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capitalized  over  20  years  was  the  purchase  price  ($460,000)  less  the 
present  value  of  the  salvage  ($6,854),  assuming  an  interest  rate  of 
10%,  which  equaled  $453,146.*  The  capital  recovery  factor  for  this 
investment,  over  20  years  at  10%  interest,  was  0.11746.**  When  the 
capital  recovery  factor  was  applied  to  the  amount  to  be  capitalized,  an 
equivalent  annual  payment  of  $53,223  resulted. 

The  annual  locomotive  replacement  capital  costs  associated  with 
the  operation  of  a  particular  yard  were  estimated  by  determining  the 
number  of  physical  locomotive  units  required  to  be  on-hand  at  the  yard, 
per  the  yard  simulations ,  and  multiplying  that  number  by  the  equivalent 
annual  payment  of  $53,223. 

Car-Hire 

Car-hire  or  per  diem  costs,  while  not  necessarily  a  direct  cost  of 
yard  operations,  are  considered  to  be  important  operating  costs  which 
can  be  heavily  influenced  by  yard  operations.  This  is  the  case,  since 
car-hire  charges  for  the  use  of  other  roads’  cars  by  a  particular  rail¬ 
road  are  assessed  primarily  on  the  basis  of  time  and  thus  the  time  spent 
by  rail  cars  in  a  yard  has  a  cost  associated  with  it.  Even  in  cases 
where  a  railroad  is  using  its  own  cars,  and  is  not  explicitly  billed  for 
car  time,  that  railroad  is  bearing  an  opportunity  cost  in  the  sense  that 


*A  10%  interest  or  discount  rate  was  used  here,  since  this  is  the 
rate  specified  by  U.S.  DOT  in  Discount  Rates  to  be  Used  in  Evaluating 
Time-Distributed  Costs  and  Benefits,  Order  DOT  5000.1. 

**The  formula  used  to  calculate  the  Capital  Recovery  Factor  (CRF)  was 

CRF  =  - - -  where  i  =  the  interest  or  discount  rate;  and 

l-(l+i)  n  n  =  the  number  of  periods,  in  this  case,  years. 
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the  cars  being  detained  in  the  yards  can  neither  be  used  elsewhere  in 
the  railroad's  network  nor  hired  out  to  other  roads  to  generate  revenues. 
Therefore,  car-hire  costs  are  included  as  a  part  of  yard  operating  costs 
in  the  evaluation  of  the  overall  yard  operations  cost  picture  and  the 
eventual  analysis  of  the  cost  effectiveness  of  operations. 

The  AAR  Labor  Management  Task  Force  documented  the  average  car-hire 
cost  and  the  average  elapsed  time  per  car  handled  in  the  St.  Louis  Termi¬ 
nal  area,  which  were  $12.05  and  39.2  hours  respectively.  Dividing  the 
average  cost  by  the  average  elapsed  time  yielded  an  average  car-hire 
cost  of  $.307  per  car-hour.  This  average  cost  per  car-hour  was  then  multi¬ 
plied  times  the  total  number  of  car-hours  of  detention  time  associated  with 
the  daily  operation  of  a  yard,  as  determined  from  the  yard  simulations,  to 
yield  the  daily  car-hire  costs  related  to  yard  operations. 

Annualization  of  Costs 

All  costs  which  were  calculated  on  a  daily  basis  (MOE,  Transportation 
and  Car-Hire)  were  annualized  by  multiplying  by  a  factor  of  270.  This 
annualization  factor  was  used  because  the  traffic  moving  through  the 
terminal  area  on  the  Study  Day  (March  30,  1979),  and  simulated  in  operations 
analyses  of  yards  and  corridors,  represented  1/270  of  the  total  traffic 
or  car  volume  moving  through  the  St.  Louis  Terminal  Area  in  the  year  1979. 
Since  the  costs  calculated  on  a  daily  basis  were  largely  dependent  upon 
operating  factors  which  varied  primarily  with  car  volume  (i.e.:  locomotive 
unit  hours,  engine  crew  hours,  car  inspector  hours,  etc.),  it  was  assumed 
that,  on  average,  the  ratio  of  estimated  daily  to  annual  costs  for  these 
accounts  would  be  approximately  the  same  as  the  ratio  of  daily  to  annual 
car  volume. 
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Total  Annual  Yard  Operating  Costs 


After  all  costs  had  been  annualized,  the  total  annual  operating  cost 
for  a  particular  yard  was  calculated  as  the  simple  sum  of  the  annual  costs 
for  the  six  activity/cost  accounts.  That  is: 

Total  Cost  =  MOW  +  MOE  +  Transportation  +  G&A  +  Equipment 
Replacement  Capital  +  Car-Hire 

Because  it  was  necessary  to  determine  operating  costs  for  a  large  number 
of  yards  and  years,  which  themselves  encompassed  the  operations  of  a  great 
many  individual  railroads,  the  actual  mechanics  of  the  above  described 
yard  cost  methodology  were  performed  with  the  aid  of  a  computer.  This 
involved  the  application  of  a  relatively  straightforward  accounting  type 
program  which,  employing  the  basic  algorithms  described  for  this  method¬ 
ology,  calculated  and  tabulated  the  operating  costs  associated  with  the 
various  yards,  years,  and  railroads  being  analyzed. 

The  results  of  CONSAD's  yard  operations  cost  analysis  for  each  yard 
alternative  and  year  have  been  summarized  and  are  presented  in  Appendix  E. 

In  addition  to  estimating  costs  for  yards  as  operating  units,  opera¬ 
ting  costs  for  each  yard  were  allocated  among  the  various  railroads  whose 
traffic  was  handled  in  the  yard.  The  general  basis  for  the  allocation  of 
these  costs  among  roads  was  their  usage  of  the  facilities,  with  the  actual 
process  of  cost  allocation  being  conducted  as  a  part  of  the  previously 
mentioned  computer  accounting  program.  This  type  of  cost  allocation 
enables  the  individual  railroads  involved  in  the  restructuring  study  to 
evaluate  the  cost  impacts  of  implementing  various  restructuring  alterna¬ 
tives  on  their  own  particular  operations  within  the  area. 
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3.5.2  Corridor  Operations  Costing 

The  development  of  system  costs  by  Class  I  railroads  was  the  general 
approach  selected  for  use  in  the  estimation  of  corridor  operating  costs 
for  the  various  restructuring  alternatives.  These  system  costs  are  re¬ 
quired  to  be  submitted  by  all  Class  I  railroads  to  the  ICC  on  an  annual 
basis  and  in  a  uniform  system  of  accounts.  Also,  the  railroads  are  re¬ 
quired  to  report  annual  operating  statistics  (train-miles,  train-hours, 
etc.)  related  to  these  costs.  This  approach  entailed  the  gathering  of 
both  the  railroad  system  cost  data  from  the  annual  reports  (Form  R-l)  of 
all  the  railroads  involved  and  their  related  operating  statistics. 

The  major  criteria  for  the  selection  of  a  cost  data  source  were 
reliability  of  cost  factors  and  operating  statistics,  uniformity  in  account¬ 
ing  procedures,  and  availability  of  data.  This  approach  satisfied  these 
three  criteria:  permitted  data  to  be  accumulated  in  a  reasonable  period  of 
time;  allowed  historical  cost  analysis;  and  was  readily  applicable  to  the 
St.  Louis  project. 

The  overall  cost  methodology  applied  under  this  approach  consisted 
of  ten  basic  steps,  as  diagrammed  in  Exhibit  3.28  and  outlined  briefly 
below. 

1 .  Define  Operational  Activities  for  Costing  - 

A  series  of  six  activity  accounts  which  applied 
specifically  to  corridor  operations  was  defined. 

These  were:  Maintenance  of  Way;  Maintenance  of 
Equipment;  Equipment  Capital  or  Replacement  Cost; 

Transportation,  Administrative  Cost  (G&A)  and  Car 
Costs . 

2 .  Define  Production  Units  for  Each  Activity  - 

Each  activity  account  was  broken  down  into  one 
or  more  factors  of  production  units  causally 
related  to  the  activities.  These  factors  were: 

Track-Miles;  Gross  Ton-Miles;  Train-Miles; 

Engine  Hours;  and  Car-Hours. 
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Exhibit  3.28:  Costing  Approach  Used  for  the  Estimation 

and  Assignment  of  Corridor  Operating  Costs 
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3.  Assign  Cost  Categories  to  Activities  - 


Operating  cost  categories,  in  the  form  of  ICC  cost  accounts 
from  R-l  Reports,  were  assigned  to  the  various  units  of 
production  within  each  activity.  The  cost  categories  as¬ 
signed  to  each  activity  were  selected  so  as  to  reflect  the 
total  cost  for  the  activity  they  represented.  The  few 
cost  categories  which  were  not  assigned  to  an  activity  did 
not  specifically  relate  to  operations  in  St.  Louis,  and 
accounted  for  less  than  1%  of  total  railroad  operating  expense. 
Exhibit  3.29  details  these  cost  category  assignments. 

4.  Develop  Composite  Carrier  Cost  Histories 
And  Other  Cost  Sources  - 


Composite  carrier  costs  were  developed  for  the  various 
activity  accounts  by  summing  the  dollar  values  associated 
with  each  of  the  cost  categories  assigned  to  an  activity 
across  12  Class  I  line-haul  railroads  operating  in  the 
Gateway  and  then  summing  the  totals  for  each  category 
within  each  activity  to  arrive  at  a  composite  activity 
cost.  The  twelve  railroads  were:  The  Baltimore  and 
Ohio,  Burlington  Northern,  Chicago  and  Northwestern 
Transportation  Co.,  Illinois  Central  Gulf,  Louisville 
and  Nashville,  Missouri  Pacific,  Missouri-Kansas- 
Texas,  Norfolk  and  Western,  Rock  Island,  St.  Louis- 
San  Francisco,  Southern,  and  Southern  Pacific. 

Conrail,  the  thirteenth  Class  I  railroad  involved  in 
the  study,  was  excluded  from  this  calculation  due  to 
limited  availability  of  cost  data  for  this  road  and 
some  extraordinary  costs  incurred  by  the  corporation 
during  and  immediately  after  its  reorganization  which 
were  not  representative  of  normal  operations.  The 
costs  used  in  the  calculation  of  the  composite  were 
obtained  from  the  railroads'  R-l  Reports  to  the  ICC. 
Composite  costs  were  developed  for  a  four  year  period. 

All  of  these  costs  were  then  adjusted  to  1979  dollars, 
using  the  Indexes  of  Railroad  Material  Prices  and  Wage 
Rates  -  Railroads  of  Class  I,  published  by  AAR  Economics 
and  Finance  Department,  January  30,  1980.*  These  adjusted 
composite  costs  were  then  summed  to  yield  four  year  com¬ 
posite  costs  in  1979. 


*U.S.  average  indexes,  rather  than  District  averages, 
inflators.  The  grouped  indexes  for  "Material  prices,  wage 
supplements  combined  (excluding  fuel)"  were  used  to  adjust 
categories  except  fuel,  which  was  adjusted  separately  with 
fuel  indexes. 


were  used  as 
rates  and 
all  cost 
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Exhibit  3.29:  Corridor  Cost  Category  Assignments 


Activity 


Production  I'nlts 


Co 3 1  Categories 


Equipment 

Replacement 

Cost 


Locomotives 


^Cabooses 


Transportation 

Expense 


Train  Miles. 


Administration 
Communication  System  Center 
Cleaning  Wrecks 
Loss  and  Damage 
Fringe  Benefits 
Casualty  and  Insurance 


Trains  Dispatched 

Signals  and  Interlocking  Operators 

Crossing  Protection 


Administrative 

Support 


Administration 

Clerical  and  Accounting  Employees 
Communication  Systems  Operacor 
Fringe  Benefits 
Casualty  and  Insurance 


Car. _ ^  Car  Hours  - ^  Present  Car  Hire  Rate  Per  Hour 

Cost 


Roadway  Maintenance 
Bridges-Tr esc les-Cul verts 
Highway  Grade  Crossings 
Roadway  Buildings 
Communication  Systems 
Roadway  Property  Damage 
Superintendence 
Small  Tools  and  Supplies 
Snow  Removal 

Signals  and  Interlockings 
Insurance  and  Casualty 
Fringe  Benefits 


Train  Fuel 

Servicing  Train  Locomotive 
Cleaning  Car  Interior 
Inspection  and  Lubrication 
Engine  Crews 
Train  Crews 
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5.  Develop  Unit  Cost  Factors 


The  initial  step  taken  in  the  development  of  unit  cost 
factors  was  the  assembly  of  composite  operating  statistics 
or  production  units  related  to  the  composite  costs  de¬ 
scribed  in  step  4.  Four  year  composites  of  the  operating 
statistics  of  the  twelve  railroads  were  determined  in  a 
manner  similar  to  that  for  operating  costs,  using  data 
acquired  from  Financial  and  Operating  Statistics  for 
Class  I  Railroads,  published  by  the  ICC,  for  the  years 
in  question.  The  composite  carrier  costs  were  then 
divided  by  the  relevant  composite  production  units  within 
each  specific  activity  to  derive  costs  per  production  unit 
for  those  activities.  Exhibit  3.30  presents  a  summary  of 
these  derived  unit  cost  factors  for  each  of  the  six 
activity  accounts.* 

The  only  exceptions  to  these  procedures  were  the  following: 

•  Equipment  Replacement  Costs 

Locomotive  Replacement  Cost  was  derived  from 
the  average  1979  cost  of  six  axle  locomotives, 
the  average  life  expectancy  and  average  expected 
salvage  value  provided  by  the  Electro-Motive 
Division  of  General  Motors  Corporation  > 

La  Grange,  Ill.  Using  a  Capital  Recovery  Factor 
calculation,  an  equivalent  annual  payment  per 
locomotive  was  determined.  This  annual  payment 
was  then  divided  by  the  average  composite  hours 
of  service  per  locomotive  unit  per  year  to  yield 
the  unit  replacement  cost  per  locomotive  hour; 

Caboose  Replacement  Unit  Costs  were  derived  in 
the  same  manner  as  locomotive  replacement  unit 
costs,  using  cost  information  presented  in  "Budget 
Planning  in  1979",  Railway  Age,  November  27,  1978; 
and 

•  Car-Hire  Costs  for  the  area  were  provided  by  the 

AAR  Labor  Management  Task  Force.  An  average  car-hire 
cost  per  car-hour  was  calculated  by  dividing  the 
average  car-hire  cost  per  car  handled  in  the  Gateway 
by  the  average  elapsed  time,  in  hours,  for  car 
movements  through  the  Gateway. 


*The  unit  cost  factors  derived  from  the  four  year  composites, 
presented  in  this  exhibit  and  eventually  applied  in  the  corridor  cost 
methodology,  were  compared  with  unit  costs  derived  for  each  of  the 
individual  years  and  the  differences  between  the  adjusted  single  and 
four  year  composites  were  found  to  be  insignificant,  indicating  a  stable 
historical  cost-production  unit  relationship. 
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Exhibit  3.30:  Corridor  Operations  Unit  Cost  Factors 


3.101 


*The  AREA  Equated  Mileage  Parameter  adjustment  cited  in  Section  3.7.1  Yard  Operations 
Costing,  was  made  to  "build"  alternative  corridor  MOW  costs. 


6 .  Estimation  Production  Units  Involved  for  Each 

Alternative  and  Year  - 

The  estimated  daily  production  units  (track-miles, 
train-miles,  etc.)  for  each  alternative  and  year  were 
either  taken  directly  or  derived  from  the  results  of 
CONSAD’s  corridor  simulations/operations  analyses. 

7.  Develop  Costs  bv  Activity  - 

The  unit  costs  derived  for  each  activity  were  applied 
to  the  estimates  of  daily  units  of  production  associated 
with  each  activity  for  each  alternative  and  year  to  yield 
activity  costs  per  day. 

8 .  Aggregate  Costs  to  Gateway  Corridor  Totals  - 

The  daily  costs  for  each  activity,  under  each  alternative 
and  year,  were  summed  to  yield  total  daily  operating  costs 
for  the  corridor  network.  These  total  costs,  along  with 
the  costs  by  activity,  were  annualized  by  multiplying  the 
daily  costs  by  a  factor  of  270.  (See  Section  3.5.1  Yard 
Operations  Costing.) 

9 .  Allocate  and/or  Attribute  Costs  to  Carriers  - 

Road-specific  corridor  operational  costs  (car-hire  costs, 
equipment  replacement  costs,  equipment  maintenance,  etc.) 
were  directly  attributed  to  specific  carriers  based  on 
their  own  individual  operations.  However,  the  common  costs 
of  operating  shared  facilities  (maintenance  of  way  and 
structures)  could  not  be  directly  traced  to  specific  car¬ 
riers  and  had  to  be  allocated  among  the  various  carriers 
based  on  their  usage  of  these  facilities  (corridor  segments) 
measured  in  terms  of  the  numbers  of  cars  and  gross  ton-miles. 

10.  Develop  Costs  by  Carrier  - 

This  involved  the  accumulation  of  both  directly  attribu¬ 
table  and  allocated  costs  of  each  carrier  to  provide 
estimates  of  total  annual  corridor  operating  expense  for 
the  specific  carriers  involved.  This  was  done  for  each 
restructuring  alternative  and  year  and  provided  a  basis 
for  comparing  the  relative  cost  impacts  of  the  various 
alternatives  on  the  corridor  operations  of  individual 
railroads . 

In  order  to  perform  steps  six  through  ten  of  this  analysis,  CONSAD 
developed  a  computer  cost  accounting  program.  This  program,  as  has 
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already  been  indicated,  utilized  input  data  files  developed  from  the 
simulations /operations  analyses  of  the  corridor  network  under  each  of 
the  various  restructuring  alternatives  and  years.  Specifically,  these 
input  files  consisted  of  the  following  operating  data  for  each  train 
moving  over  the  corridor  network: 

•  Train  name; 

•  Train  type; 

•  Number  of  cars; 

•  Number  of  locomotives; 

•  Total  gross  tons; 

•  Operating  railroad; 

•  Corridor  segments  traversed; 

•  Running  times  for  each  segment; 

•  Train  delays  for  each  segment;  and 

•  Train  miles  (length)  for  each  segment. 

This  information  was  used  to  calculate  and  tabulate  the  operating 
statistics  in  the  form  required  by  the  costing  methodology.  The  program 
accumulated  the  necessary  operating  statistics  by  corridor  segment,  per 
the  operations  analyses  segment  definitions,  and  also  by  railroad.  The 
associated  unit  costs  were  then  applied  to  these  operating  statistics  to 
determine  operating  costs  for  each  corridor  segment  and  railroad,  in  each 
of  the  six  activity  accounts  (MOW,  MOE,  etc.).  These  accounts  were 
summed  to  yield  total  operating  expense  for  each  segment  and  railroad. 

The  program  then  summed  the  operating  costs  across  all  segments  to  give 
operating  costs  of  the  entire  corridor  system  for  each  activity  account 
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and  the  total.  Additionally,  average  per  train  and  per  car  operating 
costs  were  calculated  for  each  corridor  segment  and  railroad,  by  divid¬ 
ing  total  operating  costs  determined  for  the  segments  or  railroads  by  the 
number  of  trains  or  cars  associated  with  each. 

The  final  output  of  this  program  consisted  of  corridor  operating 
costs  and  operating  statistics  summarized  by  corridor  segment  and  railroad, 
along  with  corridor  system  totals.  This  information  was  provided  for  all 
restructuring  alternatives  and  years  under  study,  enabling  comparisons  to 
be  made  among  them,  and  served  as  a  basis  for  analyzing  the  relative 
cost  effectiveness  for  the  various  alternatives. 

The  detailed  data  resulting  from  this  corridor  operating  cost  analysis 
is  presented  in  Appendix  F  of  this  report. 

3.5.3  TOFC  Operations  Costing 

The  general  approach  followed  in  the  estimation  of  operating  costs 
for  the  proposed  common  intermodal  (TOFC)  facility  was  that  of  zero- 
based  costing.  The  primary  reasons  for  pursuing  this  approach  were: 

•  No  large  common  facility  of  this  type  that  could  be  used 
as  a  model  for  cost  estimation,  exists  in  the  U.S.; 

•  Relatively  little  published  data  concerning  railroad  TOFC 
operations  and  costs  is  available;  and 

•  Due  to  the  tremendous  diversity  of  TOFC  operation  and  the 
significant  differences  in  costs  associated  with  these  opera¬ 
tions,  the  development  of  cost  estimates  had  to  be  tailored 
to  the  specific  type  of  operation  contemplated. 

This  approach  involved  the  development  of  costs  from  "ground  level", 
starting  with  a  work  force,  and  associating  with  it  costs  necessary  to 
perform  operational  functions.  Cost  of  supplies,  materials,  fringe 
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benefits  and  other  expenses  were  also  grouped  into  their  respective 
operational  function.  The  costs  associated  with  each  operational 
function  were  determined  at  a  1979  levels.  Material,  supply  and 
equipment  costs  were  derived  by  using  estimates  from  number  of 
suppliers.  Wage  rates  and  benefits  were  established  based  on  railroad 
operations  in  the  St.  Louis  area.  Other  costs  were  furnished  from  either 
suppliers  and  contractors,  or  from  regional  averages  if  the  former  were 
not  available. 

In  actuality,  TOFC  operations  involve  two  related  but  distinct 
types  of  activity.  These  are  (1)  rail  operations  and  (2)  trailer 
handling  operations.  Rail  operations  encompasses  all  activities  and 
costs  associated  with  the  handling  of  rail  cars  in  the  facility,  which 
include: 

@  Maintenance  of  way  and  structures; 

•  Maintenance  of  equipment  involved  in 
the  movement  and  handling  of  rail  cars 
(i.e.;  switch  engines,  car  inspection, 
etc)  ; 

•  Transportation  or  switching  of  rail  cars 

(i.e.;  receiving,  classification,  and  de¬ 
parture  of  cars  or  trains) ; 

•  Locomotive  capital  costs; 

•  Flatcar  costs  related  to  yard  detention  time; 
and 

•  G&A  expense  associated  with  the  rail  operations. 

Trailer  handling  operations  included  all  activities  and  costs  specifi¬ 
cally  involved  with  the  movement  and  handling  of  trailers  within,  into, 
and  out  of  the  facility,  including: 
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•  Loading  and  unloading  of  trailers  to  and  from 
flatcars ; 

•  Movement  of  trailers  from  the  loading/unloading  point  (pad) 
to  the  appropriate  lot  or  storage  area; 

•  Activities  associated  with  the  highway  movement  of  trailers 
into  and  out  of  the  facility  (gate  activity) ; 

•  Maintenance  and  capital  costs  of  all  equipment  required  to 
carry  out  the  above  operations; 

•  The  wages  and  benefits  for  the  employee  force  required  to 
perform  these  operations;  and 

•  G&A  expense  associated  with  the  handling  of  trailers. 

Because  rail  operations  at  the  TOFC  facility  were  roughly  similar 

to  those  at  other  classification  yards,  this  portion  of  the  TOFC  operat¬ 
ing  costs  was  estimated  using  the  same  general  methodology  applied  to 
common  classification  yard  operations,  as  described  in  Section  3.5.1 
A  zero-based  approach  was  then  employed  for  the  estimation  of  the  portion 
of  operating  costs  related  to  trailer  handling  operations,  which  accounted 
for  roughly  80%  of  total  TOFC  operating  costs.  The  remainder  of  this 
section  deals  with  the  development  and  application  of  this  zero-based 
cost  methodology. 

Estimation  of  Required  Forte 

The  force,  in  terms  of  both  equipment  and  personnel,  required  to 
effectively  conduct  trailer  handling  operations  at  the  proposed  TOFC 
facility  was  determined  from  the  results  of  CONSAD's  TOFC  operations 
analysis  (See  Working  Paper  No.  21).  In  general,  this  force  consisted 
of  the  following: 

•  Equipment 

Overhead  cranes ; 

Spotting  tractors; 


3.106 


•  Personnel 

Crane  operators; 

Spotting  tractor  drivers; 

Operating  support  personnel 
(spotters  and  tie-down  men) ; 

Inspection  personnel; 

Clerical  personnel; 

Administrative  support; 

•  Related  Interchange  Requirements 

Draymen  charges. 

Association  of  Costs  with  Activity  Accounts 

Having  determined  the  make-up  of  the  force  required  for  trailer 
handling  operations,  it  was  desirable  to  associate  the  costs,  resulting 
from  that  force,  with  the  major  types  of  activity  conducted  in  the  TOFC 
facility.  In  order  to  remain  consistent  with  the  cost  estimation  for 
the  other  common  facilities  (yards  and  corridors)  the  various  trailer 
handling  operations  costs  were  associated  with  the  six  basic  activity 
accounts  (MOW,  MOE,  Transportation,  Equipment  Capital,  G&A,  and  Car 
Costs)  with  which  the  operating  costs  in  those  other  facilities  were 
associated.  The  association  of  specific  trailer  handling  costs  with 
activity  accounts  was  as  follows: 

•  Maintenance  of  Way 

No  costs  were  associated  with  this  activity, 
since  all  MOW  costs  involved  with  TOFC  operations 
were  included  in  the  MOW  determined  for  rail 
operations ; 

•  Maintenance  of  Equipment 

Crane  maintenance  costs; 

Spotting  tractor  maintenance  costs; 

Inspection  personnel  wages  and  fringe  benefits; 

•  Transportation 

Crane  operator  wages  and  fringe  benefits, 

Spotting  tractor  driver  wages  and  fringe  benefits, 
Operating  support  personnel  wages  and  fringe  benefits, 
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Fuel  costs  for  cranes  and  spotting  tractors. 
Clerical  personnel  wages  and  fringe  benefits, 
Drayman  charges  for  interchange  to  non-common 
railroads ; 


•  G&A 

-  Administrative  support  personnel  and  related 
costs;  and 

•  Car  Costs 

No  costs  were  associated  with  this  account, 
since  flatcar  costs  were  accounted  for  in 
the  rail  activity  costs  and  questions  involving 
trailer  ownership,  functions,  and  costs  made 
it  impossible  to  accurately  assess  costs  of 
this  type. 

Determination  of  Costs  by  Activity/Cost  Account 

Knowing  what  specific  types  of  trailer  handling  costs  were  to  be 
associated  with  each  activity  or  cost  account,  it  was  possible  to  de¬ 
termine  the  overall  trailer  handling  operations  costs  for  each  of  these 
accounts.  This  was  accomplished  by  estimating  the  operating  costs 
resulting  from  the  force  associated  with  each  account  and  summing 
these  costs  to  arrive  at  an  estimate  of  total  trailer  handling  costs 
which  could  be  attributed  to  each  of  these  major  activity /cost  accounts. 

The  procedures  followed  in  the  determination  of  operating  costs 
for  the  activity/cost  accounts,  relevant  to  trailer  handling  operations, 
are  briefly  described  below. 

Maintenance  of  Equipment 

The  primary  costs  associated  with  maintenance  of  equipment  were 
crane  and  spotting  tractor  maintenance  and  trailer  inspector  wages 
and  fringe  benefits.  The  average  maintenance  costs  for  cranes  and 
spotting  tractors  were  determined  from  information  provided  by  suppliers 
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of  these  pieces  of  equipment.  On  average,  cranes  were  estimated  to 
accrue  maintenance  costs  at  the  rate  of  $0.75  per  lift,  where  a  lift 
is  considered  to  be  the  loading  or  unloading  of  a  trailer  onto  or  off 
of  a  flatcar.  Based  on  supplier’s  estimates,  the  average  spotting 
tractor  is  expected  to  show  a  maintenance  cost  of  11.6  percent  of 
its  original  purchase  price  per  year  for  its  average  useful  life  of 
five  years.  Given  the  1979  average  price  of  spotting  tractors  of 
$33,000,  the  average  yearly  maintenance  cost  was  calculated  as 
$4,408.  The  average  rate  for  inspectors,  wages  and  fringes,  was  con¬ 
sidered  to  be  the  same  as  that  previously  employed  in  the  analysis  of 
classification  yard  operations,  which  was  $11. 64/hour. 

Annual  maintenance  of  equipment  costs  were  then  determined  as 
follows : 

•  The  number  of  crane  lifts,  spotting  tractors,  and 
inspector  hours  per  year  required  for  trailer 
handling  operations  were  determined  from  the  results 
of  CONSAD's  TOFC  operations  analysis; 

•  Crane  lifts  were  multiplied  times  $0. 75/lift  to 
yield  crane  maintenance  cost; 

•  The  number  of  spotting  tractors  was  multiplied 
times  $4, 408/year  to  yield  spotting  tractor 
maintenance  costs; 

•  Inspector  hours  were  multiplied  by  their  hourly  rate 
of  $11.64  to  yield  inspection  costs; 

•  An  overhead  rate  of  44  percent  was  applied  to  the 
sum  of  the  above  primary  maintenance  costs  to  account 
for  ancillary  costs  related  to  but  not  explicitly 
included  in  these  costs.  This  overhead  rate  was  the 
same  as  that  applied  to  MOE  in  the  costing  of  other 
common  yards,  since  it  was  believed  that  the  relation¬ 
ship  between  primary  MOE  and  related  costs  for  both 
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rail  and  trailer  handling  operations  should  be 
approximately  the  same;  and 

t  Finally,  total  MOE  costs  were  determined  by  sum¬ 
ming  the  costs  estimated  for  cranes,  spotting 
tractors,  inspectors  and  overhead. 

Transportation 

The  primary  costs  associated  with  transportation  were  the  wages 
and  fringe  benefits  of  operating  personnel  (crane  operators,  spotting 
tractor  drivers,  and  support  personnel)  and  clerical  personnel,  the 
costs  of  fuel,  and  drayman  charges  for  highway  interchange  to  non¬ 
common  roads.  The  operating  personnel  requirements  related  to  the 
operation  of  a  crane  were  determined  to  be  the  following: 

•  One  crane  operator; 

•  One  crane  spotter; 

•  One  tie  down  man;  and 

•  Five  spotting  tractor  drivers. 

This  eight  man  crew  was  assumed  to  be  made  up  of  Teamster  Union  members 

whose  average  1979  rate,  including  fringe  benefits,  was  estimated  as 
$16,105  per  hour,  based  on  information  supplied  by  the  Teamsters  Union. 
The  average  hourly  rate  for  each  crew  was  eight  times  this  rate  or 
$128.84.  The  average  rate  for  clerical  personnel  was  determined  to  be 
$12.66  per  hour  ($101 . 25/day )  in  wages  and  fringe  benefits,  from  infor¬ 
mation  gathered  on  this  class  of  railroad  employee  in  this  area.  Hourly 
fuel  costs  for  cranes  and  spotting  tractors  were  based  on  average  fuel 
consumption  figures  for  these  types  of  equipment  and  the  average  1979 
cost  of  diesel  fuel  of  $0.5653  per  gallon.  Average  fuel  consumption 
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for  cranes  is  2.5  gallons/hour  of  service,  based  on  manufacturers’ 
estimates,  which  resulted  in  a  fuel  cost  of  $1. 413/hour  of  service. 
Average  fuel  consumption  of  spotting  tractors  was  derived  from  the 
equipment  fuel  allowances  provided  in  IDOT's  Schedule  of  Annual  Equip¬ 
ment  Ownership  Expense,  January  1980,  which  yielded  a  consumption  rate 
of  6.54  gallons/hour  of  service  and  a  cost  of  $3. 695/hour  of  service. 

The  drayman  charge  assessed  for  each  non-common  road  highway  interchange 
was  $35;  which  was  the  average  minimum  cost  for  such  services,  as 
indicated  by  area  TOFC  operators. 

Annual  transportation  costs,  associated  with  trailer  handling 
operations,  were  then  determined  in  the  following  general  manner: 

•  The  number  of  crane  crew  hours,  crane  and  spotting  tractor 
service  hours,  clerical  personnel  hours,  highway  inter¬ 
changes  with  non-common  roads,  all  on  an  annual  basis 
were  determined  from  the  results  of  the  TOFC  operations 
analysis ; 

•  The  appropriate  cost  factors  were  applied  to  each  of  the 
above  operating  statistics, 

crane  crew  hours  x  $128. 84/hour  for  labor, 
crane  hours  x  $1. 413/hour  for  fuel, 
spotting  tractor  hours  x  $3. 695/hour  for  fuel, 
clerical  personnel  hours  x  $12. 66/hour  for  labor, 

-  non-common  highway  interchanges  x  $35/ interchange, 
to  yield  the  annual  transportation  costs  associated  with  each; 

•  An  overhead  rate  of  32  percent  was  applied  to  the  cost  of 
crane  operating  crews  and  fuel,  in  order  to  account  for 
other  costs  related  to  those  primary  costs.  This  overhead 
rate  was  based  on  the  85  percent  overhead  calculated  for 
engine  crews  and  fuel  in  the  yard  costing  analysis 
(Section  3.7.1)  less  the  portion  of  that  overhead  represent¬ 
ed  by  clerical  personnel  costs,  which  have  been  calculated 
separately  in  this  case;  and 

•  Finally,  total  annual  transportation  cost  was  calculated 
as  the  sum  of  crane  crew,  fuel,  clerical  personnel,  non¬ 
common  highway  interchange,  and  overhead  costs. 
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General  and  Administrative 


The  costs,  associated  with  administrative  support,  represented 
in  this  account  were  estimated  as  a  percentage  of  MOE  costs  and  Trans¬ 
portation  costs  for  fuel  and  operating  personnel  (i.e.;  crane  operators, 
spotting  tractor  drivers,  tie  down  men,  and  crane  spotters).  The  G&A 
percentage  applied  here  was  identical  to  that  for  rail  operations, 
which  was  5.7  percent.  Thus,  G&A  was  estimated  by  summing  MOE  costs 
and  the  Transportation  costs  associated  with  operating  personnel  and 
multiplying  by  .057. 

Equipment  Capital 

The  only  major  equipment  replacement  capital  costs  associated  with 
trailer  handling  in  the  TOFC  facility  were  those  for  the  overhead 
cranes  and  the  spotting  tractors.  The  average  1979  cost  and  average 
useful  lives  were  provided  by  manufacturers  or  suppliers  of  these 
pieces  of  equipment  and  a  salvage  value  equal  to  10  percent  of  the 
original  costs  of  the  equipment  was  deemed  reasonable.  In  all  cases, 
the  cost  of  capital  or  interest  rate  was  assumed  to  be  10  percent. 

From  this  information,  equivalent  annual  payments  for  this  equipment 
were  determined  using  a  standard  capital  recovery  factor,  calculated 
as  described  in  Section  3.5.1. 

The  average  cost  of  an  overhead  crane  in  1979  was  $450,000  and 
the  expected  life  was  10  years.  The  total  amount  to  be  capitalized 
was  the  purchase  price  ($450,000)  less  the  present  value  of  the  salvage 
($17,354),  which  equaled  $432,646.  The  capital  recovery  factor  for 
this  investment  was  16277,  which  when  applied  to  the  amount  to  be 
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capitalized  yielded  an  equivalent  annual  payment  of  $70,421.  The 
average  1979  cost  of  a  spotting  tractor  was  $38,000,  with  an  expected 
life  of  five  years.  The  capital  recovery  factor  was  .26392  and  the 
amount  to  be  capitalized  was  $35,640  ($38,000  purchase  price  less  the 
present  value  of  an  assumed  10  percent  salvage  value  at  the  end  of  the 
useful  life),  yielding  an  equivalent  annual  payment  of  $9,406. 

Equipment  capital  costs  related  to  trailer  handling  operations 
were  then  determined  as  follows:' 

•  The  number  of  cranes  and  spotting  tractors  required 
were  estimated  from  the  results  of  the  TOFC  opera¬ 
tions  analysis; 

•  Annual  crane  capital  cost  was  calculated  as  the  number 
of  cranes  times  the  annual  payment  per  crane  of 
$70,421; 

•  Annual  spotting  tractor  capital  cost  was  equal  to  the 
number  of  spotting  tractors  times  the  annual  payment 
per  unit  of  $9,406;  and 

•  Total  annual  equipment  capital  cost  was  the  sum  of 

the  annual  capital  costs  of  cranes  and  spotting  tractors. 

Exhibits  3.31  and  3.32  present  summaries  of  the  operational  param¬ 
eters  and  unit  cost  factors  employed  in  the  estimation  of  TOFC  operating 
costs,  for  rail  and  trailer  handling  operations,  respectively. 

Total  Annual  Operating  Costs 

Total  annual  operating  costs  for  the  TOFC  facility  were  arrived  at 
by  first  adding  the  costs  determined  for  both  rail  operations  and  trailer 
handling  operations,  within  each  of  the  six  activity /cost  accounts,  to 
acquire  account  totals  for  the  facility  as  a  whole;  and  then  summing 
these  account  totals  to  yield  the  grand  total  of  all  TOFC  operating  costs 
for  the  year  and  alternative  analyzed.  A  summary  of  the  results  of  this 
TOFC  operating  cost  analysis  may  be  found  in  Section  4.3,  TOFC  Service. 
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Oper ational  Parameters  and  UnLL  Costs 
Used  in  TOFC  Rail  Operations  Costs 
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Exhibit  3.32:  Operational  Parameters  and  Unit  Costs 
Used  in  TOFC  Trailer  Handling  Casting 
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As  in  the  cases  of  the  other  common  facilities,  TOFC  operating 
costs  were  also  allocated  among  the  various  railroads  involved  with 
the  proposed  common  TOFC  facility.  Again,  these  allocations  of 
operating  costs  to  individual  railroads  were  based  on  the  roads' 
projected  usage  of  the  facilities  and  services  encompassed  by  this 
type  of  operations. 

3.5.4.  Common  Transfer  Costs 

One  significant  operating  cost  is  not  accounted  for  in  the  cost 
of  operations  determined  for  the  common  facilities.  This  was  the 
cost  associated  with  transfer  crews  and  equipment  involved  in  train 
operations  within  the  study  area  which  were  not  comprehended  in  the 
yard  and  corridor  simulation  processes.  These  costs  include  the 
idle  time  that  transfer  crews  and  equipment  spend  waiting  in  yards 
between  their  runs  and  being  transported  from  one  assignment  to  the 
next.  Because  the  number  of  transfer  train  movements  varies  signifi¬ 
cantly  between  restructuring  alternatives,  the  costs  associated  with 
these  operations  would  also  vary;  and  thus  it  was  necessary  to  estimate 
these  costs  in  order  to  develop  an  accurate  overall  cost  picture  for 
common  operations  related  to  the  various  restructuring  alternatives. 

SEK,  as  part  of  their  analysis  of  labor  requirements,  developed 
estimates  of  the  number  of  transfer  crew  hours  required  for  common 
operations  under  each  of  the  restructuring  alternatives.  Based  on 
this  information  and  the  knowledge  of  traffic  make-up  and  transfer 
train  movements,  CONSAD  was  able  to  develop  estimates  of  the  cost  of 
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of  these  couon  transfer  operations  for  each  alternative.  Costs, 
related  to  these  transfer  operations,  were  estimated  in  four  of 
the  six  activity /cost  accounts,  namely,  MOE,  Transportation,  G&A, 
and  the  Equipment  Capital.  The  costs  in  the  remaining  two  accounts, 

MOW  and  Car  Cost,  had  already  been  accounted  for  in  the  costing  of 
the  common  yards  and  corridors  or  were  to  be  included  as  a  portion  of 
the  costs  associated  with  home  road  operations. 

The  general  procedures  followed  for  the  estimation  of  these 
common  transfer  costs  were  as  follows: 

1)  The  amount  of  time  transfer  trains  or  crews 
spent  running  on  corridors,  per  the  corridor 
operations  analyses,  was  deducted  from  the 
SE<  crew  hour  estimates,  since  this  portion 

of  transfer  operations  and  costs  were  reflected 
in  corridor  operations  costs,  to  yield  the 
estimated  number  of  crew  hours  not  yet 
accounted  for; 

2)  Crew  hours  were  translated  into  locomotive 
unit  hours  by  multiplying  them  by  the  average 
number  of  locomotive  units  per  transfer  train; 

3)  Knowing  crew  hours  and  locomotive  unit  hours, 
it  was  then  possible  to  estimate  operating 
costs  in  each  of  the  four  activity/cost  accounts, 
by  applying  the  appropriate  portions  of  the 
methodology  developed  for  the  costing  of  common 
yard  operations,  as  described  in  Section  3.5.1;  and 

4)  Total  operating  costs  for  these  transfer  operations 
were  arrived  at  by  summing  the  costs  for  each  indi¬ 
vidual  account,  determined  on  either  a  daily  or 
annual  basis. 

The  estimation  of  costs  was  conducted  for  each  of  the  major  common 
switching  entities  (TRRA,  A&S,  New  Yard,  and  TOFC) ,  as  well  as  for  the 
St.  Louis  Terminal  Area  as  a  whole,  under  each  alternative  restructuring 
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plan.  As  with  other  common  operating  costs,  the  cost  of  these  common 
transfers  was  allocated  among  the  line  haul  roads,  in  relation  to  the 
involvement  of  their  traffic  in  common  transfer  movements. 

3.5.5  Related  Home  Road  Operating  Costs 

The  primary  focus  of  CONSAD's  operations  and  cost  analyses, 
throughout  the  study,  has  been  the  common  facilities  and  services 
within  the  St.  Louis  Terminal  Area.  The  operational  and  cost  impacts 
resulting  from  the  restructuring  of  common  facilities  and  operations 
will-  have  a  significant  impact  upon  the  costs  of  several  individual 
roads'  operations  within  the  terminal.  It  was,  therefore,  necessary 
to  make  estimates  of  the  magnitude  of  these  costs,  under  each  of  the 
restructuring  alternatives,  in  order  to  accurately  assess  the  overall 
cost  impacts  and  measure  the  cost  effectiveness  of  implementing  any 
one  of  the  proposed  alternatives. 

This  was  accomplished  by  using  the  SEK  estimates  of  the  labor 
force  required  in  the  year  2000  under  each  alternative.  Annual  cost 
factors,  which  included  wages,  fringe  benefits,  material  and  suppliers, 
were  applied  to  the  labor  force  estimates  to  determine  MOW,  MOE,  Trans¬ 
portation,  and  G&A  (labor-based  costs).  The  number  of  switch  locomo¬ 
tives  each  road  required  for  its  own  operation  was  estimated  based  on 
the  labor  data  to  determine  equipment  capital  costs.  Car  detention 
was. drawn  from  CONSAD's  traffic  data  to  determine  car  hire  cost.  Where 
an  individual  road's  facilities  are  part  of  the  "common”  operation,  the 
estimate  described  above  was  reduced  by  the  amount  estimated  for  that 
common  facility  (e.g.,  ICG's  line  between  Q  Tower  and  Valley  Jet.  is 
part  of  the  common  corridor  system). 
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These  estimates  are  based  on  broad-based  average  cost  factors 
applied  to  the  estimated  labor  forces,  solely  to  determine  the  order 
of  magnitude  change  resulting  from  operations  under  any  one  of  the 
restructuring  alternatives. 

Specifically : 

•  The  average  annual  labor  expense  for  an  employee, 
per  the  SEK  labor  report,  is  $27,283.  The  average 
ratio  of  total  operating  expense  to  labor  operating 
expense  for  the  TRRA  an  A&S  for  1978,  from  the  R-2 
Reports,  is  1.57.  Thus,  the  total  labor  based  oper¬ 
ating  expense  was  determined  by  multiplying  the  num¬ 
ber  of  employees  by  $27,283  and  then  by  1.57,  and 
allocated  among  the  MOW,  MOE,  Transporation,  and  G&A 
accounts  based  on  the  average  percentage  each  is  of 
the  total  combined  TRRA/A&S  operating  expense. 

•  The  estimated  number  of  switch  locomotives  was  multi¬ 
plied  by  the  capital  recovery  cost  calculated  for 
switch  engines  ($53,223  per  year)  to  determine  Equip¬ 
ment  Capital  Cost. 

•  The  estimated  annual  car  detention  hours  from  CONSAD 
traffic  data  was  multiplied  by  the  average  car  hire 
rate  ($.307  per  hour),  to  determine  annual  car-hire 
cost . 

3.5.6  System  Operating  Costs 

In  evaluating  the  impact  or  effectiveness  of  a  restructuring 
alternative  with  respect  to  operating  cost,  the  most  significant  cost 
figure  is  that  for  the  study  area  as  a  whole.  Through  the  use  of 
CONSAD' s  costing  methodologies,  operating  costs,  both  in  total 
and  for  each  of  six  separate  activity/cost  accounts,  for  each 
operating  unit  within  the  various  components  (yards,  corridors,  etc.) 
of  the  terminal  system  were  estimated.  Because  the  operating  cost 
estimates  for  all  of  the  various  operating  units  were  in  a  consis¬ 
tent  format,  all  with  costs  estimated  for  the  same  six  activity/cost 
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accounts  and  in  1979  dollars,  the  development  of  component  and  system 
costs  was  a  straight-forward  matter  of  addition. 

The  system  costs  for  the  terminal  area  under  any  of  the  restruct¬ 
uring  alternatives  were  then  arrived  at  using  the  following  two  step 
procedure: 

1)  The  costs  estimated  for  each  operating  unit  (i.e. 
individual  yards,  corridor  segments,  etc.),  in 
each  activity /cost  account  and  in  total,  within 

a  component  of  the  System  (i.e.  yards,  corridors, 
etc.)  were  added  together  to  yield  component  totals; 
and 

2)  Operating  costs  for  each  of  the  defined  operational 
components  of  the  system  (yards,  TOFC,  corridors, 
transfers  and  home  roads)  were  summed  to  yield  system 
cost  totals  for  each  activity /cost  account  and  a 
grand  total  of  all  estimated  operating  costs  within 
the  St.  Louis  Terminal  Area,  all  in  1979  dollars. 

As  a  result  of  this  process,  CONSAD  was  able  to  provide  cost  data  at 
three  basic  levels  of  detail,  that  of  individual  operating  units, 
operational  components  of  the  system,  and  the  system  as  a  whole,  for 
each  of  the  alternatives  and  years  analyzed.  Also,  costs,  at  each 
level  of  detail  were  determined  for  each  of  the  six  major  activity/ 
cost  accounts,  as  well  as  operating  totals.  All  of  this  permitted 
comparisons  of  costs  between  restructuring  alternatives  at  both  gross 
and  relatively  fine  levels  of  detail  and  allowed  differences  in  over¬ 
all  cost  to  be  traced  to  specific  operating  units,  components  or 
activities . 

Total  system  costs  for  each  individual  railroad  within  the  system 
were  also  determined.  System  costs  for  railroads  were  arrived  at  in 
roughly  the  same  manner  as  described  above,  using  the  portion  of 
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the  costs  of  each  common  operating  unit  allocated  to  each  road  and 
the  estimated  home  road  costs  for  each  road  as  the  bases  from  which 
to  begin  aggregating  costs. 

3.5.7.  Attribution  and  Allocation 
of  Operating  Costs 

As  has  been  mentioned  throughout  the  discussion  of  operations 
costing,  the  determination  of  operating  costs  for  each  individual 
railroad  involved  in  the  restructuring  effort,  under  each  of  the 
various  restructuring  alternatives  and  years  analyzed,  has  been  an 
important  consideration.  This  was  the  case  for  two  major  reasons: 

1)  The  cost  impacts  of  restructuring  on  individual 
railroads  were  necessary  to  measure,  in  order 
to  aid  the  railroads  involved  in  evaluating 

the  various  restructuring  alternatives  from  their 
own  perspectives  since  effective  implementation 
of  any  restructuring  plan  would  require  the  co¬ 
operation  of  most  or  all  parties  involved;  and 

2)  The  operating  costs  and/or  cost  savings  estimated 
for  each  road,  under  a  particular  restructuring 
alternative,  could  possibly  serve  as  a  basis  from 
which  to  assess  an  equitable  portion  of  the  capital 
costs  of  construction,  related  to  implementing  that 
alternative,  to  be  borne  by  each  road,  or  to  deter¬ 
mine  the  level  of  user  charges  that  would  be  appro¬ 
priate. 

The  development  of  road  by  road  operating  costs  involved  two 
general  types  of  cost  determination.  These  were: 

•  Cost  Attribution  -  The  direct  tracing  of  costs  to 
a  specific  cost  center,  in  this  case  a  railroad, 
whose  existence  or  functions  were  the  exact  cause 
of  those  costs  being  incurred  and  who  was  then 
solely  responsible  for  those  costs;  and 

•  Cost  Allocation  -  the  distribution  of  costs,  not 
directly  traceable  or  attributable  to  specific 
cost  centers,  on  the  basis  of  some  measure  which 
was  believed  to  approximate  the  actual  cause  and 
effect  relationships  governing  cost. 
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The  types  of  costs  which  were  attributable  to  specific  roads  were  those 
resulting  directly  and  exclusively  from  that  roads’  operations.  Ex¬ 
amples  of  these  types  of  costs  included: 

•  Car-Hire  costs; 

•  Road  train  crew,  equipment  maintenance 
fuel  and  equipment  capital  costs;  and 

•  Home  yard  and  other  home  road  costs. 

The  types  of  costs  which  had  to  be  allocated  among  the  road  were  those 
costs  associated  with  the  operation  of  common  facilities  and  the  pro¬ 
vision  of  common  services,  which  were  incurred  by  roads  as  a  group. 
Examples  of  these  types  of  costs  included: 

•  Common  yard  and  corridor  MOW; 

•  Common  yard,  MOE,  Transportation,  Equipment 
Capital  and  G&A;  and 

•  Common  transfer  costs. 

Operating  costs  determined  for  each  road,  whether  for  an  operating 
unit,  operational  component  or  system  totals,  were  the  sum  of  each  roads 
attributed  and  allocated  operating  costs.  These  road  by  road  operating 
cost  estimates  were  developed  at  the  same  level  of  detail  as  the  cost 
estimates  for  the  various  operating  units.  That  is,  costs  were  attrib¬ 
uted  and/or  allocated  to  roads  within  each  of  the  six  major  activity/ 
cost  accounts,  as  well  as  for  operating  cost  totals.  The  specific 
procedures  followed  in  the  allocation  of  costs  for  each  of  the  major 
operational  components,  yard,  TOFC,  corridor,  transfer,  and  home  roads 
are  described  below. 
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Common  Classification  Yards 


In  the  common  yards,  all  operating  costs,  except  car-hire  cost, 
were  allocated  among  the  roads  on  the  basis  of  the  number  of  inbound 
and  outbound  car  handlings  for  the  various  roads  at  each  yard.  Car- 
hire  cost  for  each  road  in  each  common  yard  were  directly  attributed 
on  the  basis  of  the  total  car-hours  of  detention  time  amassed  by  each 
road  at  a  particular  yard,  per  the  results  of  CONSAD's  yard  operations 
analyses . 

In  order  to  allocate  the  remaining  yard  operating  costs,  the  num¬ 
ber  of  inbound  and  outbound  (I/O)  car  handlings  performed  for  each 
road  in  a  yard  and  the  percentage  of  total  yard  I/O  car  handlings  which 
they  represented  were  determined  from  CONSAD's  detailed  block  to  block 
traffic  movement  data  associated  with  the  yards.  Conceptually,  this 
involved  viewing  the  movement  of  a  car  through  a  yard  as  a  two  part 
operation,  an  inbound  handling  and  an  outbound  handling.  The  costs 
resulting  from  the  switching  or  interchange  of  a  car  were  considered 
to  be  split  equally  between  the  inbound  and  outbound  handlings,  and 
the  roads  associated  with  each,  because  the  inbound  and  outbound 
roads  involved  in  switching  or  interchange  of  a  car  were  perceived 
to  benefit  equally  from  this  type  of  activity.  For  example,  if  a  car 
were  to  be  interchanged  from  road  x  to  road  y  in  a  yard,  road  x  would 
have  received  one  I/O  handling  (inbound)  and  road  y  one  I/O  handling 
(outbound) ,  with  half  of  the  associated  operating  costs  allocated  to 
road  x  and  the  other  half  to  road  y.  Thus,  once  the  number  of  I/O 
handlings  for  each  road  and  total  yard  I/O  handlings  had  been  determined 
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for  any  particular  yard,  the  operating  costs  for  that  yard,  excluding 
car-hire,  were  allocated  to  each  road  based  on  the  percentage  of  total 
yard  I/O  handlings  accounted  for  by  each  road. 

It  should  be  noted  here  that  the  I/O  handlings  associated  with  a 
road  included  not  only  the  cars  arriving  and  departing  on  that  rail¬ 
road’s  trains,  but  also  the  cars  associated  with  the  railroad’s  opera¬ 
tions  that  were  moving  into  and  out  of  the  yards  on  scheduled  transfer 
trains  operated  by  one  of  the  three  common  switch  carriers  (A&S,  TRRA, 
and  New  Yard).  This  was  important  for  proper  cost  allocation,  since 
it  assured  that  virtually  all  operating  costs  were  allocated  to  the 
proper  "line-haul  road"  whose  traffic  was  being  handled;  and  avoided 
the  problem  of  having  significant  costs  allocated  to  the  terminal  and 
switching  carriers,  which  are  generally  vendors  rather  than  consumers 
of  car  handlings  and  whose  operating  costs  would  eventually  be  borne 
by  the  line-haul  roads  in  the  form  of  terminal  charges. 

The  actual  mechanical  process  of  allocating  yard  operating  costs 
was  conducted  by  computer,  as  was  mentioned  previously  in  Section  3.5.1. 

Common  TOFC 

The  costs  of  operating  the  common  TOFC  facility  were  allocated 
among  the  eight  participating  roads,  utilizing  the  same  basic  alloca¬ 
tion  procedure  applied  for  the  other  common  classification  yards. 

The  only  difference  being  that  I/O  trailer  handlings,  rather  than 
car  handlings,  were  employed  as  the  allocation  base,  since  the  primary 
function  of  such  a  facility  was  to  handle  trailers  and  the  vast  major¬ 
ity  of  operating  costs  were  directly  associated  with  trailer  handling 
activity . 
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Common  Corridors 


The  majority  of  costs  associated  with  operations  on  the  common 
corridor  network  were  directly  attributable  to  individual  trains  of 
specific  rail  carriers.  The  two  types  of  corridor  cost  which  were 
not  attributable,  and  thus  were  necessary  to  allocate  among  the  various 
carriers,  were  MOW  costs  and  all  costs  related  to  the  operation  of 
common  transfer  trains  over  the  corridor  network. 

The  MOW  cost  for  each  link  of  the  corridor  network  had  been 
estimated  on  both  the  basis  of  track-miles  making  up  the  link  and 
gross  tons  traversing  the  link.  MOW  as  a  factor  of  track-miles  was 
allocated  among  the  roads  on  the  basis  of  the  percentage  of  a  link's 
total  car  volume  represented  by  each  road's  car  volume  on  the  link. 

MOW  as  a  factor  of  gross  ton-miles  was  allocated  among  the  roads  based 
on  the  percentage  of  a  link's  total  gross  ton-miles  accounted  for  by 
each  road's  traffic.  A  road's  allocated  portion  of  total  MOW  for 
any  link  was  the  sum  of  its  allocated  portions  of  MOW  as  a  factor  of 
track-miles  and  gross  ton-miles.  Total  common  corridor  MOW  for  any 
road  was  then  the  sum  of  its  allocated  portions  of  MOW  for  all  links 
composing  the  common  corridor  network. 

The  costs  in  each  activity /cost  account,  associated  with  the  move¬ 
ment  of  common  transfer  trains  (A&S,  TRRA  and  New.  Yard)  over  the  corridor 
network  were  allocated  among  the  roads  involved,  based  on  the  percent¬ 
age  of  cars  on  these  transfer  trains  which  were  identified  with  each 
road.  This  allocation  was  conducted  on  a  train  by  train  basis,  for 
all  common  transfers  moving  over  the  corridors,  since  the  corridor 
costs  and  consists  for  each  transfer  train  were  somewhat  different. 
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A  road’s  total  common  transfer  train  corridor  cost  was  then  calculated 


as  the  sum  of  its  allocated  portions  of  the  corridor  costs  associated 
with  each  common  transfer. 

By  suming  the  attributed  and  allocated  corridor  costs,  a  reason¬ 
able  estimate  of  total  corridor  costs  to  be  borne  by  each  road  was 
determined . 

Common  Transfers 

The  cost  of  equipment,  fuel,  crews  and  administration  resulting 
from  common  transfer  train  activity  had  been  estimated  for  each  of  the 
major  terminal  switching  carriers.  These  costs,  in  turn,  then 
had  to  be  allocated  among  the  roads  whose  traffic  made  up  those  trans¬ 
fer  trains.  This  was  accomplished  by  determining  the  number  of  each 
road's  cars  carried  on  transfers  of  each  common  switch  carrier  and  the 
percentage  of  the  total  number  of  cars  transferred,  by  that  switch 
carrier,  accounted  for  by  each  road.  The  common  transfer  costs  for 
each  switch  carrier  were  then  allocated  among  the  roads  based  on  this 
percentage  of  transferred  cars.  A  road's  total  allocated  common  trans¬ 
fer  cost  was  equal  to  the  sum  of  its  allocated  portions  of  each  common 
switch  carrier's  transfer  costs  (A&S ,  TRRA  and  New  Yard). 

Home  Road  Operations 

All  costs  estimated  for  a  road's  home  operations  were  directly 
attributed  to  that  particular  railroad.  No  allocation  of  costs  was 
required  in  this  instance,  because  these  home  road  operating  costs 
were  easily  traceable  to  specific  railroads  and,  in  fact,  had  been 
estimated  separately  for  each  individual  road's  operations. 
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System  Operating  Costs  by  Road 


System  operating  cost  totals  were  developed  for  each  individual 
railroad,  as  has  been  described  in  section  3.5.6,  System  Operating 
Costs.  Summaries  of  operating  costs  by  road,  for  all  alternatives  and 
years  studied,  were  provided  to  the  appropriate  individual  railroads 
and  IDOT  for  review.  These  summaries  were  presented,  separately  for 
each  road,  operating  costs  in  each  of  the  six  activity/cost  accounts  and 
total  operating  costs  for  individual  operating  units  (Gateway  Yard, 
Madison  Yard,  etc.),  operational  components  of  the  system  (yards,  cor¬ 
ridors,  transfers,  etc.)  and  system  totals. 
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4.0  RESULTS 


Each  of  the  restructuring  alternatives  described  in  Section  2.0  has 
been  analyzed  under  projected  year  1985  and  year  2000  traffic  volumes, 
utilizing  the  methods  described  in  Section  3.0.  The  results  are  pre¬ 
sented  in  this  chapter. 

The  first  to  be  described  is  the  No  Build  Alternative.  It  describes 
railroad  operating  conditions  under  the  assumption  that  traffic  growth 
occurs  but  there  are  no  changes  in  study  area  facilities  or  operating 
patterns.  This  is  followed  by  the  presentation  of  results  of  analyzing 
the  Build  Alternatives.  In  those  sections,  results  for  each  of  the  3uild 
Alternatives  are  shown  and  compared  with  the  No  Build  Alternative.  The 
reader  is  cautioned  that  the  No  Build  Alternative  used  for  comparison 
has  been  defined  for  analytic  purposes  only  and  care  should  be  taken 
in  interpreting  the  values  derived  for  that  case. 

4. 1  No  Build  Alternative 

4.1.1  Setting 

One  of  the  first  steps  in  the  analysis  of  a  proposed  change  in  rail 
operations  is  to  determine  what  the  effect  is  of  making  no  change.  In 
the  case  of  the  St.  Louis  MARGE  Study,  the  planning  horizon  year  2000 
was  chosen  for  design  purposes,  and  an  additional  horizon  year  1985  was 
selected  to  provide  an  intermediate  point  for  evaluation  of  alternatives. 

The  scheme  of  operations  under  each  of  the  Build  Alternatives  in 
each  of  the  horizon  years  is  possible  to  define  with  some  accuracy, 
since  the  facilities,  strategies,  and  traffic  loads  were  developed 
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interdependently  and  collectively  with  respect  to  the  corporate  entities 
operating  in  the  study  area.  The  members  of  the  RTAC  have  stated  that 
adoption  of  one  of  the  Build  Alternatives  would  enable  each  road  to  move 
close  to  their  own  established  corporate  goals  with  respect  to  St.  Louis 
area  operations. 

Definition  of  a  realistic  set  of  parameters  to  describe  the  condi¬ 
tions  that  would  prevail  if  none  of  the  Build  Alternatives  was  chosen 
was  somewhat  more  difficult.  CONSAD  polled  the  RTAC  members  regarding 
changes  in  current  operations  they  felt  would  likely  occur  between  com¬ 
mencement  of  this  study  and  the  horizon  years  1985  and  2000.  The  results 
of  this  poll  were  discussed  in  detail  at  the  March  31,  1979  RTAC  meeting, 
and  CONSAD  was  directed  to  consider  the  pattern  of  operations  in  the 
study  area  in  the  years  1985  and  2000,  for  analytic  purposes,  to  be  the 
same  as  those  in  the  year  1979,  except  for  traffic  volumes. 

The  RTAC  was  aware,  based  on  historical  precedent,  that  there  most 
probably  would  be  changes  between  1979  and  1985  or  2000.  For  example, 
three  major  merger /acquisition/control  applications  were  pending  when 
this  study  commenced  (BN  &  SLSF,  LN  &  BO,  SSW  &  CRIP  Tucumcari  Line), 
and  two  more  major  applications  had  been  filed  (MP  &  UP;  NW  &  SOU) 
during  the  study.*  This  indicates  the  large  number  of  possible  patterns 
of  study  area  rail  operations  that  may  develop  by  the  year  2000.  In  the 
face  of  such  uncertainty,  the  use  of  the  current  patterns,  as  suggested 
by  the  RTAC,  was  considered  to  be  the  most  reasonable  alternative. 

'^Additionally ,  there  were  merger  discussions  between  the  SP  and 

ATSF. 
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Ac  no  time  during  the  study  has  the  possibility  of  a  single-line 
major  new  construction  (e.g.,  a  new  hump  yard  as  distinguished  from  con¬ 
versions  of  old  yards,  or  a  new  Mississippi  River  Bridge)  seemed  likely. 
The  trend  in  constructing  new  hump  yards  seems  to  be  to  construct  within 
an  existing  rail  network  (e.g.,  ATSF  Argentine,  SP  Colton,  ATSF  Barstow, 
UP  North  Platte  and  Hinkle,  SOU  Linwood) ,  since  this  offers  the  maximum 
opportunity  to  use  the  yard  for  different  purposes  as  traffic  and  prior¬ 
ities  change.  The  major  carriers  which  depend  on  the  use  (internal  to 
their  own  systems)  of  the  Mississippi  River  bridges  at  St.  Louis  (NW 
and  MP)  have  access  to  other  trans-Mississippi  bridges  (e.g.,  Hannibal, 
Illmo) . 

The  average  detention  time  of  traffic  through  the  study  area  at 
present  is  in  the  range  of  35  to  45  hours,  depending  on  conditions. 

This  is  viewed  as  unacceptably  high  by  railroads  and  many  of  their 
customers,  and  is  a  cause  for  traffic  to  be  routed  around  St.  Louis  and 
to  be  diverted  to  other  transport  modes.  As  traffic  levels  increase  in 
future  years,  the  railroads  must  be  expected  to  expend  great  effort  to 
keep  the  level  of  detention  at  St.  Louis  at  or  below  current  levels. 

A  longer  detention  time  would  probably  result  in  even  greater  shifts  to 
barge  and  truck  transportation,  would  reduce  capital  productivity  of 
railroad  equipment,  and  would  require  expenditures  in  additional  rail¬ 
road  equipment  which  would  be  unnecessary  if  St.  Louis  were  to  be  oper¬ 
ated  more  efficiently. 
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4.1.2  Operations  Under  No  Build 

As  has  been  noted  above,  present  study  area  operations  are  consid¬ 
ered  by  most  knowledgeable  parties  to  be  inefficient  and  unacceptable, 
with  conditions  only  getting  worse  in  the  future  as  traffic  increases. 

It  is  believed  that  the  capacity  of  some  of  the  key  elements  of  the 
study  area  will  be  exceeded  under  projected  traffic  levels,  given 
current  operating  strategies.  However,  the  sum  total  switching  capac¬ 
ity  of  all  the  yards  in  the  study  area  will  not  be  exceeded,  since  there 
are  several  TRRA  yards  currently  closed  or  significantly  underutilized, 
and  most  home  yards  are  underutilized. 

Thus,  the  analysis  of  the  No  Build  Alternative  was  slightly 
different  than  that  of  the  Build  Alternatives,  with  appropriate  caveats 
as  to  interpretation  of  the  results. 

In  the  computer-based  simulation  of  the  No  Build  Alternative, 

CONSAD  found  that  Madison  Yard  could  not  handle  the  projected  Year  2000 
load  of  1,954  cars  to  be  switched.  In  order  to  effectively  assess  the 
capacity  of  Madison  under  No  Build  conditions,  the  number  of  inbound 
trains  was  reduced  to  the  point  where  the  yard  would  function  in  the 
model.  This  point  was  reached  at  1,707  cars,  which  was  achieved  by 
removing  three  trains  that  originated  at  Carrie  Avenue.  Based  on 
CONSAD* s  knowledge  of  the  St.  Louis-E.  St.  Louis  Terminal  Area's  opera¬ 
tion,  it  was  hypothesized  that,  had  this  situation  occurred  in  opera¬ 
tions  on  the  TRRA,  the  management  of  TRRA  would  have  elected  to  switch 
these  247  cars  at  Carrie  Avenue,  or  would  have  reopened  CD  Yard.  This 
would  allow  the  cars  to  be  classified  into  road  line  cuts,  but  unblocked 
for  movement  out  on  road  trains.  For  example,  if  the  247  cars  would 
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contain  50  cars  for  Conrail,  those  cars  could  be  assembled  at  either 
Carrie  Avenue  or  CD  and  delivered  to  Rose  Lake,  Conrail’ s  home  yard. 

At  Rose  Lake,  the  50  cars  would  be  switched  again  into  blocks  for  move¬ 
ment  to  Conrail  Enola,  Avon,  Conway,  and  Buckeye  Yards.  If  the  247  cars 
had  been  switched  at  Madison  Yard,  most,  if  not  all,  of  the  cars  would 
have  left  the  study  area  in  a  train  with  one  less  yard  handling  and  one 
less  transfer  move. 

Such  a  series  of  events  would  not  happen  to  just  an  isolated  group 
of  cars  under  Year  2000  traffic  loads  for  the  No  Build  Alternative. 

Such  events,  involving  additional  handling  by  the  line-haul  concerns, 
would  occur  frequently  to  almost  all  groups  of  cars.  If  this  were  not 
to  occur,  the  car  would  be  held  at  the  entrance  to  a  common  yard.  The 
resulting  queue  would  not  diminish  until  the  level  of  traffic  subsided, 
and  as  long  as  the  backup  existed,  it  would  hamper  corridor  operations 
since  the  trains  can  only  be  held  on  corridor  trackage. 

The  result  of  multiple  car  handlings  would  be  to  increase  the  car 
handling  costs  for  the  line-haul  carriers. 

The  queuing  of  trains  awaiting  yard  entry  would  cause  excessive 
delays  for  other  traffic,  late  and  unreliable  local  industry  switching 
service,  and  high  costs  due  to  low  productivity  of  both  labor  and 
capital.  Such  a  situation  would  cause  the  managements  of  the  line-haul 
carriers  and/or  the  Federal  Government  to  take  actions  to  relieve  con¬ 
gestion. 

The  actions  which  may  be  taken  by  the  Interstate  Commerce  Commis¬ 
sion  include  embargo  of  traffic  through  the  study  area.  The  actions 
which  may  be  taken  by-  rail  line  managements  include  reopening  currently 
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inactive  yards  in  the  study  area,  increasing  switching  activity  in  yards 
in  or  out  of  the  study  area  to  reduce  switching  loads  at  overburdened 
facilities  in  the  study  area,  and  rerouting  cars  so  that  they  do  not 
pass  through  the  St.  Louis  area.  The  options  that  any  individual  line- 
haul  carrier  would  have  would  be  limited  only  by  the  individual  carrier's 
resources,  and  in  making  investment  decisions,  the  system  benefits  to 
each  carrier  would  be  the  major  determinant  for  each  capital  investment 
involved . 

The  application  of  Year  2000  traffic  levels  to  the  current  study 
area  operations  would  be  the  congestion  described  above.  In  all  prob¬ 
ability,  the  solution  would  be  for  each  carrier  to  reduce  its  switching 
load  to  a  point  where  the  current  facilities  could  handle  the  volume 
somewhat  efficiently.  This  would  be  done  by  preblocking  inbound  trains, 
shifting  outbound  blocking  requirements  to  interior  system  yards,  and 
exploiting  direct  connections  where  possible.  The  first  two  options, 
which  effectively  amount  to  shifting  the  switching  load  to  interior 
system  points,  involve  yard  activity  several  hundred  miles  from 
St.  Louis,  for  example,  at  Indianapolis,  Indiana  (Avon),  Cincinnati, 

Ohio  (Queensgate) ,  and  Kansas  City,  Missouri  (Neff).  Of  course,  each 
of  these  points  may  already  be  somewhat  congested. 

The  option  of  direct  connections  has,  to  some  degree,  already 
been  exploited.  For  example,  the  SOU  and  BN  have  a  run-through  train 
interchanged  at  Centralia,  and  CR  and  MP  have  a  physical  connection  at 
St.  Elmo,  Illinois,  which  has  the  potential  for  similar  exploitation, 
as  does  the  B&0  and  MP  connections  at  Salem,  Illinois. 
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If  such  efforts  failed  to  alleviate  Year  2000  levels  of  congestion, 
the  carriers  which  could  interchange  or  route  traffic  through  another 
railroad  gateway  would  do  so.  This  rerouting  implies  additional  cost 
to  the  carriers  involved,  since  it  can  be  fairly  assumed  that,  if  the 
cost  of  other  routes  were  less,  the  traffic  would  probably  be  moving 
over  those  other  routes  at  present. 

The  fact  that  the  roads  involved  currently  use  study  area  facil¬ 
ities  to  the  extent  they  do,  suggests  that  the  congestion  problem  cannot 
be  solved  operationally  (i.e.,  a  solution  will  require  capital  invest¬ 
ment  somewhere).  The  magnitude  of  each  roads'  investment  in  facilities 
and  local  industry  traffic  suggests  that  St.  Louis  will  continue  to  be 
a  significant  terminal  for  most  lines  in  the  foreseeable  future. 

Furthermore,  congestion  at  St.  Louis  and  the  set  of  costly  measures 
required  to  reduce  its  impact  on  transit  time  will  retard  the  potential 
of  the  nation's  railroad  system  to  increase  its  modal  share  of  long 
distance  traffic.  The  shift  of  traffic  from  more  costly  and  energy¬ 
consuming  modes  to  railroads  is  seen  by  many  to  be  in  the  nation's  best 
interests . 

The  subject  of  traffic  originating  and  terminating  in  the  St.  Louis- 
E.  St.  Louis  switching  district  presents  the  carriers  with  a  somewhat 
different  problem.  When  traffic  originates  or  terminates  in  the  switch¬ 
ing  district  on  a  road  other  than  the  line-haul  carrier  which  handles 
it  into  or  out  of  the  switching  district,  a  switch  charge  is  assessed 
against  the  line-haul  carrier.  The  dollar  value  of  that  charge  is 
$153.21  for  the  Alton  and  Southern  and  $203.58  for  the  Terminal  Railroad 
Association  of  St.  Louis  as  of  July  1,  1980.  This  charge  makes  it 
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somewhat  unattractive  for  line-haul  carriers  to  serve  industries  on 
switch  lines  and  the  result  is  that,  where  possible,  line-haul  carriers 
tend  to  encourage  industry  to  locate,  or  relocate,  on  lines  served  by 
a  line-haul.  This  is  consistent  with  the  move  of  industries  from  urban 
areas  to  more  rural  areas,  and  is  especially  true  in  the  St.  Louis- 
E.  St.  Louis  area,  where  several  large  industrial  concerns,  for  one 
reason  or  another,  have  abandoned  operations  or  relocated  to  rural 
areas.  An  example  is  the  relocation  of  activities  at  the  General 
Motors  Assembly  Plant  in  St.  Louis  (on  the  TRRA)  to  Bowling  Green, 
Kentucky,  and  Wentzville,  Missouri  (on  line-haul  routes). 

One  of  the  factors  most  rail-using  industrial  firms  consider  in 
evaluating  their  rail  service  is  service  reliability.  The  increasing 
congestion  in  the  study  area  due  to  Year  2000  traffic  levels  will  tend 
to  decrease  reliability  of  rail  service  to  local  industries.  Coupled 
with  the  other  economic  and  technical  pressures  on  industry  in  general, 
the  continuing  increase  in  cost  and  decrease  in  reliability  for  increas¬ 
ing  traffic  levels  will  create  more  impetus  for  the  movement  of  indus¬ 
tries  out  of  St.  Louis. 

In  summary,  the  options  open  to  each  line-haul  road  under  the  No 
Build  Alternative  are  those  in  which  each  road  will  either  commit  addi¬ 
tional  operating  resources  within  the  study  area  (the  assumption  uti¬ 
lized  in  analyzing  the  No  Build  Alternative),  or  commit  additional 
operating  resources  outside  of  the  study  area,  or  make  capital  invest¬ 
ments  within  or  exterior  to  the  study,  all  of  which  may  be  accompanied 
by  strategies  and  priorities.  Each  road  will  be  evaluating  these  options 
only  with  respect  to  its  own  position.  To  the  extent  that  each  road  is 
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able  to  make  the  capital  investments,  or  operating  strategy  changes  it 
desires,  it  will  be  able  to  reduce  the  impacts  of  Year  2000  traffic. 

Such  actions  may  not  be  beneficial  to  other  affected  roads.  Thus,  what 
one  road  does  to  improve  its  position  may  worsen  the  position  of  another 
road. 

The  evidence  that  such  changes  have  occurred  in  the  past  is  strong. 
For  example,  in  1972  TRRA  lowered  its  trackage  rights  charge  to  N&W  for 
movement  between  Granite  City  and  Madison  and  Luther  Yards,  which  allowed 
N&W  to  close  NKP  Madison  and  Wabash  Brooklyn.  In  1974,  TRRA  commenced 
operation  of  a  hump  yard  at  Madison,  which  required  use  of  the  Merchants 
Bridge  approaches  for  the  hump  engine  tail  track,  thus  interfering  with 
the  N&W  trains,  as  well  as  others.  In  1972,  as  part  of  the  A&S  Gateway 
Yard  expansion  program,  the  connection  between  Gateway  and  the  Willows 
corridor  at  Valley  Jet.  was  double  tracked,  and  most  MR  traffic  through 
Dupo  began  to  move  via  A&S  through  Valley  Jet.  Since  the  ICG-GMO  merger 
in  1973,  ICG  has  consolidated  operations  at  former  ICG  Valley  Yard, 
reducing  operations  at  Venice.  Each  of  these  changes  has  tended  to 
increase  congestion  at  Valley  Jet.  The  challenge  of  the  MARGE  project 
has  been  to  develop  improvements  in  St.  Louis  which  are  beneficial  to 
the  overall  movement  of  traffic  and  which  do  not  impede  individual 
carrier  operations,  in  the  face  of  increasing  traffic  volumes. 
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4. 2  Build  Alternatives 


Each  of  the  Build  Alternatives,  Two-Yard  Directional,  Three-Yard 
Directional,  and  Three-Yard  Bidirectional,  was  analyzed  in  the  detail 
explained  in  Section  3.0  for  operations  and  costs  in  the  years  1985 
and  2000.  The  same  analyses  were  conducted  for  the  No  Build  Alterna¬ 
tive  for  the  years  1979,  1985,  and  2000.  Comparisons  of  the  various 
Build  Alternatives'  measures  of  operating  and  cost  efficiency  with  the 
No  Build  measures  for  comparable  years  provides  a  basis  for  evaluation 
of  the  merits  of  the  various  alternatives,  although  this  should  only 
be  done  with  caution.  Measures  developed  for  the  No  Build  Alternative 
in  1979  cannot  be  compared  with  the  several  Build  Alternatives'  1985 
and  2000  measures  without  recognizing  that  the  differences  in  traffic 
levels  distort  the  comparisons.  Comparison  of  1979  No  Build  measures 
with  1985  and  2000  No  Build  measures  is  useful  to  the  extent  that  it 
provides  some  insights  into  the  probable  results  of  not  going  ahead 
with  one  of  the  Build  Alternatives,  a  subject  which  has  been  discussed 
at  some  length  in  the  preceding  section  and  thus  will  not  be  considered 
in  detail  here. 

4.2.1  Time  Through  the  Study  Area 

and  Reliability  of  Operations 

Transit  time  is  an  extremely  important  issue  in  railroading  since 
it  determines  how  far  in  advance  goods  must  be  shipped,  hence,  what 
amount  of  goods  must  be  enroute  at  all  times.  Longer  transit  times 
also  require  a  larger  investment  in  freight  cars.  A  larger  investment 
in  rail  cars  decreases  the  amount  of  capital  available  for  other  invest¬ 
ments.  Thus,  an  improvement  in  transit  time  accomplishes  two  significant 
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things:  it  reduces  the  quantity  of  goods  enroute  from  producer  to  con¬ 

sumer,  and  potentially  reduces  the  investment  in  freight  car  fleets 
necessary  to  maintain  adequate  service. 

Reliability  is  also  a  major  issue  in  railroading,  which,  with 
transit  time,  has  been  noted  as  a  major  factor  in  determining  modal 
choice  by  shippers  and  receivers.  Many  producing  industries  depend 
upon  a  sure  flow  of  supplies  in  and  products  out  in  order  to  maintain 
steady  and  efficient  production.  In  recent  years  there  has  been  a 
trend  away  from  maintaining  large  and  costly  inventories  and  a  much 
closer  linkage  between  producers  at  the  several  stages  of  production. 

To  a  large  extent,  this  has  been  made  possible  by  the  rapid  improvement 
of  truck  transport  using  the  interstate  highway  system.  Trucks  can 
operate  point-to-point,  without  the  numerous  intermediate  handlings 
inherent  in  railroad  operations  and  thus  can  usually  provide  higher 
levels  of  reliability  in  service. 

With  rising  energy  costs,  and  the  recognized  need  to  improve  pro¬ 
ductivity  throughout  the  American  economy,  there  may  be  an  opportunity 
for  railroads  to  recapture  a  larger  share  of  freight  traffic.  However, 
if  speed  of  delivery  and  reliability  by  railroad  are  at  unacceptable 
levels,  shippers  may  elect  to  pay  the  higher  price  of  truck  transport  , 
in  order  to  obtain  delivery  on  time. 

With  these  facts  in  mind,  in  defining  and  analyzing  the  alterna¬ 
tives  for  the  St.  Louis  Terminal,  a  great  deal  of  emphasis  was  placed 
on  reducing  the  time  required  for  and  improving  the  reliability  of 
handling  traffic  in  the  system. 
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The  sample  of  OD  Pairs  described  in  Section  3.4  was  used  to  develop 
measures  of  transit  time.  Transit  time  is  defined,  for  the  purpose  of 
this  analysis,  as  the  elapsed  time  between  the  entry  of  a  car  into  the 
study  area  (or  movement  from  a  local  industry)  and  the  exit  of  that  same 
car  from  the  study  area  (or  delivery  to  a  local  industry).  The  complete 
movement  of  each  OD  Pair  was  examined  to  determine  the  transit  time. 

The  resulting  weighted  average  transit  time  for  each  alternative  in 
the  year  2000  is  shown  in  Exhibit  4.1.  The  Exhibit  4.1  transit  times 
expected  for  each  alternative  were  derived  assuming  that  cars  moved 
through  the  study  area  in  accordance  with  their  _de  facto  schedules. 

These  figures  represent  the  car  movements  expected  if  the  schedules 
used  on  the  study  day  are  maintained  and  thus  would  be  the  same  for 
both  the  years  2000  and  1985.  These  figures  do  not  include  any  delay 
that  might  result  from  unreliability  of  operations  under  the  various 
alternatives.  (The  subject  of  delay  due  to  unreliable  operations 
will  be  examined  later  in  this  section.) 

It  must  be  noted  here  that,  at  the  specific  request  of  the  RTAC , 
inbound  and  outbound  train  schedules  maintained  by  the  roads  under 
baseline  conditions  (March  1979)  were  assumed  to  be  maintained  through 
the  year  2000.  From  an  analytical  point  of  view,  this  assumption  makes 
the  evaluation  of  the  change  caused  by  the  implementation  of  one  of  the 
Build  Alternatives  more  straightforward,  since  the  schedules  are  a  poten¬ 
tial  variable  that  was  held  constant.  The  rationale  used  by  the  RTAC 
in  making  this  request  was  that  each  road’s  own  system  operation  is 
geared  to  the  schedules  in  and  out  of  St.  Louis  to  some  degree.  In 
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Exhibit  4.1:  Average  Base  Time  Through 
the  Study  Area  (Year  2000) 


Alternative 

Average  Base 

Time  Through  Change  Vs. 

the  Study  No  Build  Percent  Change 

Area  (Hours)*  (Hours)  Vs.  No  Build 

No  Build 

39.5 

Two-Yard  Directional 

31.5  -  8.0  -20.3 

Three-Yard  Directional 

28.7  -10.8  -27.3 

Three-Yard  Bidirectional 

24.3  -15.2  -38.5 

*Does  not  include  delay  resulting  from  unreliability  of  operations. 
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turn,  however,  it  must  also  be  noted  that  the  individual  road's  own 
internal  schedules  are,  in  part,  a  result  of  St.  Louis  area  operations. 
The  conclusion,  therefore,  is  that  if  a  Build  Alternative  were  imple¬ 
mented  (i.e.  ,  physical  construction  completed  and  operating  strategy- 
adopted)  ,  the  schedules  of  individual  railroads  would  probably  be 
changed  to  reflect  the  changed  availability  of  traffic  for  outbound 
movement,  and  the  changed  ability  of  the  study  area  facilities  to 
accept  inbound  traffic. 

The  application  of  the  methodology  for  estimating  missed  connec¬ 
tions,  described  in  Section  3.4,  produced  the  results  shown  in 
Exhibit  4.2.  It  should  be  noted  that  the  number  of  cars  potentially 
not  meeting  schedule  under  each  of  the  Build  Alternatives  is  signifi¬ 
cantly  less  than  the  number  of  cars  potentially  not  meeting  schedule 
in  the  No  Build  Alternative  for  comparable  years,  with  the  fewest  cars 
failing  to  meet  schedule  in  the  Three-Yard  Bidirectional  Alternative. 

If  a  car  fails  to  meet  its  schedule  due  to  being  bad-ordered,  held, 
or  mishandled,  it  is  reasonable  to  assume  it  will  be  delayed  at  least 
24  hours.  If  a  car  fails  to  meet  its  schedule  due  to  the  failure  of 
the  outbound  train  or  transfer  to  operate,  the  car  will  probably  move 
on  the  next  scheduled  train  out  of  the  yard.  To  determine  the  impact 
of  failure  to  operate  as  scheduled  the  number  of  times  each  classifica¬ 
tion  is  scheduled  to  be  run  out  of  each  yard  daily,  and  the  number  of 
cars  in  that  classification  were  assembled  for  each  alternative,  and 
the  weighted  average  delay  of  moving  on  the  next  later  train  was  com¬ 
puted.  These  delay  figures  were  applied  to  the  numbers  of  cars  delayed 


4.  14 


Number  of  Cara  Not  Meeting  Schedule 
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for  each  reason  and  total  car-hours  of  delay  and  average  delay  per  car 

delayed  were  computed  for  each  alternative.  The  results  of  these  com¬ 

putations  are  presented  in  Exhibit  4.3. 

It  is  useful  to  measure  the  effect  of  improved  reliability  (or 
lack  of  same)  on  the  transit  time  under  each  alternative.  This  was 
accomplished  by  adding  the  estimated  car-hours  of  the  delayed  cars  to 
the  car-hours  associated  with  the  average  transit  time  as  given  in 
Exhibit  4.1,  and  dividing  by  number  of  cars  entering  the  system  to 

be  switched.  The  results  are  shown  in  Exhibit  4.4.  These  results 

indicate,  as  would  be  expected,  that  the  difference  among  the  alter¬ 
natives  in  average  transit  time  increases  significantly  when  the 
effect  of  reliability  on  transit  or  detention  time  is  taken  into 
account . 

In  addition  to  measuring  the  magnitudes  of  transit  time  through 
the  study  area  and  delays  resulting  from  unreliability  of  operations, 
the  distributions  of  transit  times  were  examined.  The  standard  devi¬ 
ation  about  the  mean  transit  time,  including  delay  due  to  unreliability, 
was  determined  for  the  cars  in  the  sample  OD  Pairs  (see  Section  3.4) 
under  each  alternative. 

The  results  of  this  analysis  for  the  Year  2000  are  presented  in 
Exhibit  4.5.  The  standard  deviations  shown  in  this  exhibit  represent 
measures  of  the  spread  of  the  distribution  of  transit  times,  which  is 
considered  to  be  a  measure  of  the  reliability  or  uniformity  of  opera¬ 
tions.  The  smaller  the  standard  deviation,  the  less  spread  out  or  more 
compact  the  distribution  of  transit  times  and  the  higher  the  implied 
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Exhibit  4.3:  Total  and  Average  Delay  Due  to  Unreliability  Incurred 
by  Cars  Switched  in  the  Study  Area  (Year  2000) 
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Exhibit  4.4:  Time  Through  Study  Area  Adjusted 

to  Account  for  Reliability  (Year  2000) 
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Exhibit  4.5:  Standard  Deviation  of  Transit  Time  Through 

the  Study  Area  for  Cars  Switched  (Year  2000) 


Mean 

Standard 

Deviation 

Transit 

of 

Alternative 

Time 

Transit  Time 

No  Build 

46.0 

21.3 

Two-Yard  Directional 

36.2 

17.2 

Three-Yard  Directional 

33.4 

17.0 

Three-Yard  Bidirectional 

29.1 

14.  7 
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level  of  reliability.  In  general,  the  standard  deviation  may  be  defined 
as  the  number  of  units  of  measurement  (in  this  case  hours)  on  either 
side  (plus  or  minus)  of  the  mean  or  average  measure  (mean  transit  time) 
within  which  approximately  two-thirds  of  the  data  points  (rail  cars) 
fall.  For  example,  the  No  Build  Alternative  has  a  mean  transit  time  of 
46.0  hours  and  a  standard  deviation  of  21.3  hours.  This  indicates  that 
approximately  two-thirds  of  the  cars  switched  in  the  study  area  under 
the  No  Build  Alternative  would  have  a  transit  time  of  46.0+21.3  hours, 
which  would  be  from  24.7  to  67.3  hours,  a  range  of  42.6  hours  within  one 
standard  deviation.  Exhibit  4.6  shows  the  graphic  representations  of 
the  transit  time  distributions  for  each  alternative,  with  the  shaded 
area  under  the  curves  representing  the  portion  of  the  distribution  within 
one  standard  deviation  of  the  mean..  This  should  help  to  clarify  this 
concept  of  standard  deviations  of  transit  time  distributions. 

From  Exhibits  4.5  and  4.6,  it  can  be  seen  that  the  transit  time 
distributions  of  all  three  Build  Alternatives  have  lower  means,  smaller 
standard  deviations  and  are  less  spread  out  than  the  No  Build  transit 
time  distribution.  This  indicates  that  both  the  speed  and  reliability 
of  operations  under  the  Build  Alternatives  would  be  greater  than  under 
the  No  Build  Alternative.  Making  the  same  types  of  comparisons  among 
the  three  Build  Alternatives  shows  that  of  the  three  alternatives  the 
Three-Yard  Bidirectional  provides  the  best  performance. 
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Exhibit  4.6:  Distribution  of  Transit  Time  Through  the  Study  Area  (Year  2000) 
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The  adoption  of  any  of  the  Build  Alternatives  also  reduces  the 
number  of  times  that  cars  are  handled  in  the  study  area.  This  reduction 
in  handlings  is,  in  large  part,  responsible  for  the  increases  in  reli¬ 
ability  described  above. 

The  brief  summary  of  handlings  per  car  under  each  alternative  pre¬ 
sented  in  Exhibit  4.7  shows  that  the  Three-Yard  Bidirectional  Alterna¬ 
tive  results  in  the  greatest  decrease  in  handlings,  with  the  two 
Directional  Alternatives  (Three-Yard  and  Two-Yard)  showing  approximately 
equal  improvements  when  each  is  compared  to  the  No  Build  Alternative. 

4.2.2  Cost  Through  the  Study  Area 

In  Section  3.5,  the  methodologies  employed  in  the  estimation  of 
railroad  operating  costs  within  the  study  area  were  described  in  detail. 
The  results  of  the  estimation  and  analysis  of  operating,  costs  are  pre¬ 
sented  in  this  section  of  the  report.  All  operating  cost  figures  here 
have  been  computed  and  are  presented  in  constant  1979  dollars. 

Summaries  of  the  operating  costs  computed  for  each  alternative  and 
year  are  given  in  Exhibits  4.8  (1985)  and  4.9  (2000).  Two  facts  become 
apparent  when  the  costs  of  operations  are  compared.  The  first  is  that 
substantial  benefits,  in  the  form  of  reduced  total  operating  costs, 
occur  in  the  implementation  of  any  of  the  three  Build  Alternatives  with 
respect  to  the  No  Build  Alternative.  The  second  is  that  the  major 
reduction  in  operating  costs  occur  in  the  so-called  home  roads'  facil¬ 
ities,  as  opposed  to  the  common  facilities,  which  can  be  readily  seen 
from  a  comparison  of  the  distributions  of  operating  costs,  between 
common  and  home  facilities,  summarized  in  Exhibit  4.10.  The  reason  for 
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Exhibit  4.7:  Summary  of  Car  Handlings  (Year  2000) 
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Exhibit  4.8:  Annual  Operating  Cost  ($000)  for  the  Year  1985 
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Exhibit  A. 9:  Annual  Operating  Costs  ($000)  for  the  Year  2000 
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Exhibit  4. 10:  Distribution  of  Cost  Among  Common  and  Home  Facilities 
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this  is  that  switching  performed  in  home  yards  under  the  No  Build  Alter¬ 
native  would  be  consolidated  and  performed  in  expanded  common  yards 
under  the  Build  Alternatives. 

This  consolidation  of  switching  into  fewer  facilities  with  expanded 
capabilities  results  in  a  lower  number  of  handlings  per  car  and  provides 
basic  economies  of  scale,  both  of  which  reduce  operating  costs. 

Exhibit  4.11  shows  the  distribution  of  operating  cost  savings,  relative 
to  the  No  Build  Alternative,  between  common  and  home  facilities  for 
each'  of  the  Build  Alternatives  in  the  Years  1  985  and  2000. 

The  average  cost  of  moving  a  rail  car  through  the  study  area  under 
each  alternative  was  computed  for  cars  switched,  cars  not  switched  (i.e. 
run-through  and  unit  train  cars),  and  an  average  of  all  cars  transiting 
the  study  area.  This  was  accomplished  by  simply  dividing  the  annual 
operating  costs  associated  with  each  category  of  cars  by  the  annual 
number  of  cars  in  each  category  moving  within  and  through  the  study 
area.  The  results  of  these  computations  are  provided  in  Exhibit  4.12. 

4.2.3  Cost  Allocation 

The  results  of  operating  cost  allocation  among  the  roads  have  been 
forwarded  to  the  RTAC  member (s)  of  each  carrier,  for  their  review.  This 
information  is  considered  sensitive  and  consequently  has  not  been  pre¬ 
sented  in  this  report. 

4.2.4  Secondary  Operating  Issues 

Centralized  Traffic  Control  (CTC) 

As  a  result  of  CONSAD's  Working  Papers  9  and  21,  the  subsequent  dis 
cussions  with  RTAC  and  a  special  subcommittee  appointed  by  interested 
RTAC  representatives,-  SEK  revised  their  previous  scheme  on  CTC  into  a 
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Exhibit  4.11:  Distribution  of  Operating  Cost  Savings 
Among  Common  and  Home  Facilities 
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Total  $128,046  100  $134,032  100  $155,536  100 


Exhibit  4.12:  Annual  and  Per  Car  Operating 
Costs  by  Alternative 


1985 

2000 

Cars  Entering  Annually 

2,864,700 

4,579,200 

No  Build  Alternative 

Operating  Expense  (000) 

$282,972 

$379,358 

Per  Car  Expense 

All  Cars 

$  98.78 

$  82.14 

Cars  Switched 

$  129.83 

$  123.92 

Cars  Not  Switched 

$  7.36 

$  6.63 

Two-Yard  Directional  Alternative 

Operating  Expense  (000) 

$191 ,924 

$251 ,312 

Per  Car  Expense 

All  Cars 

$  67.00 

$  54.88 

Cars  Switched 

$  88.82 

$  83.07 

Cars  Not  Switched 

$  2.74 

$  2.  59 

Three-Yard  Directional  Alternative 

Operating  Expense  (000) 

$185,267 

$245,326 

Per  Car  Expense 

All  Cars 

$  64.67 

$  53.57 

Cars  Switched 

$  85.65 

$  80.92 

Cars  Not  Switched 

$  2.92 

$  2.83 

Three-Yard  Bidirectional  Alternative 

Operating  Expense  (000) 

$170,458 

$223,822 

Per  Car  Expense 

All  Cars 

$  59.50 

$  48.88 

Cars  Switched 

$  78.74 

$  73.78 

Cars  Not  Switched 

$  2.85 

$  2.67 
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scheme  known  as  alternative  III.  This  scheme  involves  installation  of 


CTC,  controlled  by  two  or  three  dispatchers,  depending  on  the  institu¬ 
tional  resolutions  in  restructuring.  CONSAD  has  reviewed  this  scheme, 
and  judges  that  it  will  provide  for  efficient  operation  of  the  system 
consistent  with  the  patterns  as  per  the  operations  analysis.  SEK's 
scheme  calls  for  CTC  on  all  corridors  except  the  A&S ,  at  the  specific 
request  of  A&S  management. 

Achievement  of  the  benefits  associated  with  corridor  upgrading 
and  signalizing  will  only  result  from  efficient  communication  among 
the  line-haul  dispatchers  and  those  in  charge  of  the  study  area  track¬ 
age.  Adequate  communications  between  dispatchers  in  the  study  area  is 
equally  essential  to  achieve  the  benefits  of  the  corridor  improvements. 
At  a  minimum,  study  area  dispatchers  should  have  access  to  all  radio 
frequencies  used  on  engines  operating  on  corridors  under  their  super¬ 
vision. 

Paper  and  Data  Flow 

CONSAD  recommends  the  establishment  of  a  common  management  infor¬ 
mation  system  interface  in  the  study  area.  The  St.  Louis  AAR  Labor 
Management  Task  Force  has  advised  RTAC  that  it  is  studying  such  a 
system.  At  .the  suggestion  of  RTAC,  CONSAD  has  not  pursued  this  matter 
further.  Absent  such  a  system  being  operative,  CONSAD  recommends 
closed  circuit  TV  cameras  at  the  entrances  to  the  common  yards,  with 
adequate  recording  and  viewing  equipment  in  the  yard  offices  of  the 
common  yards.  If  no  changes  are  made  in  waybill  handling,  CONSAD  also 
recommends  pneumatic  tube  systems  in  the  common  yards  to  facilitate 
waybill  flow  within  the  yard. 
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Car  Repair 


Exhibit  4.13  shows  the  daily  number  of  bad-order  cars  anticipated 
in  each  of  the  common  yards,  under  the  Two-Yard  and  Three-Yard  Alterna¬ 
tives  in  the  Year  2000.  This  information  has  served  as  input  to  the 
planning  and  design  of  the  car  repair  facilities  at  these  proposed  yards, 
especially  with  respect  to  the  required  size  of  these  facilities.  It  is 
anticipated  that  there  will  be  a  substantially  greater  number  of  cars 
actually  repaired  than  is  shown  in  Exhibit  4.13,  but  the  majority  of 
these  additional  repairs  will  be  of  a  minor  nature  and  will  be  made  in 
the  receiving  yard  by  inbound  inspection  crews  equipped  to  make  them. 

Road  Locomotive  Servicing  and  Repair 

RTAC  requested  that  provision  be  made  to  service  inbound  road  loco¬ 
motives  at  the  arrival  yard.  Exhibit  4.14  shows  the  number  of  road  and 
transfer  locomotives  to  be  serviced  at  each  yard  under  this  concept  in 
the  Year  2000. 
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Exhibit  4.13:  Anticipated  Bad  Order  Cars 

for  Repair  Tracks  (Year  2000) 


Cars 

Alternative /Yard 

Per  Day 

Two-Yard  Directional 

Gateway 

101 

Madison 

64 

To  tal 

165 

Three-Yard  Directional 

Gateway 

106 

Madison 

26 

New  Yard 

81 

Total 

213 

Three-Yard  Bidirectional 

Gateway 

84 

Madison 

26 

New  Yard 

80 

Total 

190 
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Exhibit  4.14:  Common  Yard  Locomotive  Servicing 
Requirements  (Year  2000) 


Locomotive  Units  Per  Day- 


Alternative 

Gateway 

Madison 

New  Yard 

Two-Yard  Directional 

Road 

84 

50 

— 

Switch 

25 

22 

— 

Total 

109 

72 

Three-Yard  Directional 

Road 

97 

— 

78 

Switch 

26 

19 

19 

Total 

123 

19 

97 

Three-Yard  Bidirectional 

Road 

84 

— 

66 

Switch 

21 

19 

19 

Total 

105 

19 

85 

Total 

134 

47 

181 


175 

64 

239 


150 

59 

209 
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4.3  Common  TOFC  Service 


4.3.1  Results  of  Analysis  of  Operations 
in  the  Common  Facility 

✓ 

The  TOFC  operations  simulation  process  was  conducted  twice,  and 
resulted  in  revisions  to  the  initial  facility  design  proposed  by  SEK. 

The  final  configuration  of  the  facility  was  summarized  in  Exhibit  3.20, 
and  the  volume  of  rail  activity  at  the  common  TOFC  facility  was  shown 
in  Exhibit  3. 21 . 

Exhibit  4.15  shows  the  pad  track  utilization  that  resulted  from 
the  revised  simulation.  Track  occupancy  is  indicated  by  a  single  solid 
line;  the  box  above  the  line  indicates  train  activity;  and  the  box  below 
the  line  indicates  crane  activity.  The  absence  of  a  line  indicates  the 
track  is  clear.  The  notation  in  the  large  box  for  train  activity  indi¬ 
cates  the  types  of  activity  (IB  =  inbound;  OB  =  outbound)  and  the  number 
of  cars.  Since  the  long  pad  tracks  are  split  in  the  middle  by  a  road, 
the  track  numbers  on  the  left  margin  of  the  long  tracks  are  suffixed 
A  or  B,  with  the  A  end  of  the  track  being  north  of  the  road,  and  the 
B  end  of  the  track  south  of  the  road.  Exhibit  4.15  clearly  shows  that 
the  utilization  of  the  pad  tracks  is  high.  The  average  utilization  of 
the  pad  tracks  was  64  percent  overall,  and  for  the  peak  period  (1,800- 
2,000  hours)  was  94  percent.  On  review,  the  RTAC  felt  that  these  uti¬ 
lizations  were  sufficiently  high  as  to  warrant  the  addition  of  one 
short  and  one  long  pad  track  to  the  simulation  configuration.  The 
anticipated  utilizations  of  the  pad  tracks  of  the  final  configurations 
are  54  percent  overall  and  79  percent  for  the  peak  period. 
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Exhibit  4:15 


Pad  Track  Utilization  -  Revised  Simulation 
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Exhibit  4.16  shows  the  utilization  of  the  storage  and  receiving/ 
departure  tracks  for  the  same  time  period  as  Exhibit  4.15  showed  the 
activity  of  the  pad  tracks.  The  solid  line  indicates  that  the  track  is 
being  utilized.  The  overall  utilization  of  the  storage  tracks  was  92 
percent,  and  of  the  receiving/departure  tracks  was  18  percent. 

4.3.2  Mobile  Resource  Utilization 

In  order  to  expedite  loading/unloading,  two  cranes  were  used  as  a 
pair  on  each  track  or  half-track.  Exhibit  4.17  shows  the  utilization 
of  the  crane  pairs  during  the  same  24  hour  period  as  that  shown  for 
track  utilization.  The  method  of  preparing  this  graph  was  to  identify 
each  segment  of  crane  pair  activity  and  successively  add  lines,  so  that 
the  total  crane  pair  requirements,  in  terms  of  number  of  crane  pairs, 
is  equal  to  the  maximum  number  of  lines  used.  As  can  be  seen,  the 
maximum  number  of  crane  pairs  in  operation  at  one  time  is  eight,  hence, 
16  cranes  were  needed. 

The  use  of  cranes  as  single  units  instead  of  pairs  was  examined, 
as  shown  in  Exhibits  4.18  and  4.19.  Exhibit  4.18  is  similar  to 
Exhibit  4.15,  except  that  crane  activity  for  single  cranes  is  shown  as 
a  dashed  line  extending  through  the  box  "below  the  line"  which  indicates 
crane  activity.  Standard  time  values  for  loading  and  unloading  were 
used  to  determine  the  length  of  the  dashed  line.  As  can  be  readily 
seen,  single  cranes  meet  all  of  the  schedule  requirements,  given  a  two- 
hour  cutoff  time.  Exhibit  4.19  was  prepared  in  the  same  manner  as 
Exhibit  4.17,  and  shows  that  12  cranes  will  suffice,  if  single  cranes 
are  used,  as  opposed  to  the  16  cranes  utilized  when  crane  pairs  were 
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Exhibit  4.16:  Support  Yard  Utilization  -  Revised  Simulation 
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Rec. /Dep. 


Exhibit  4.17:  Crane  Pairs  Utilization  -  Revised  Simulation 
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Exhibit  4.18:  Pad  Track  Utilization  Revised  Using 

Single  Cranes  Compared  to  Crane  Pairs 
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Exhibit  4.19:  Single  Crane  Unit  Utilization  -  Revised  Simulation 
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used.  Thus,  it  appears  that  the  use  of  single  crane  units,  rather  than 
crane  pairs,  would  be  more  efficient  and  less  costly,  in  terms  of  the 
investment  in  facility  equipment. 

The  switch  engine  supporting  the  facility  was  used,  overall,  87 
percent  of  the  time,  as  shown  in  Exhibit  4.20,  with  the  peak  periods 
of  utilization  occurring  during  the  first  and  second  shifts. 

The  near  constant  use  of  the  switch  crew,  assumed  to  work  at  the 
north,  or  A,  end  of  the  facility,  suggests  that  two  switch  crews  would 
probably  be  needed,  at  least  on  the  first  and  second  tricks.  The  work 
done  concerning  transfer  crews  into  and  out  of  the  new  TOFC  facility 
suggests  that  some  of  these  crews  could,  perhaps,  be  used  to  supplement 
the  TOFC  facility  operations  if  institutional  arrangements  permit. 

Exhibit  4.21  is  a  graph  showing  the  number  of  flatcars  on  hand. 
This  exhibit  shows  that  the  minimum  number  of  flatcars  on  hand  is 
reached  at  2342  hours  and  the  maximum  number  of  flatcars  on  hand  is 
514,  based  on  the  initial  assumption  of  277  on  hand  at  the  beginning 
of  the  simulation  (0001  hours).  This  compares  quite  favorably  with 
the  291  flatcars  the  eight  individual  carriers  had  on  hand  at  midnight 
of  the  study  day,  March  30,  1979. 

The  proposed  facility  was  capable  of  handling  the  load  of  the 
eight  carriers  relatively  well  at  the  year  2000  traffic  levels.  The 
simulation  showed  that  the  track  occupancy  is  high  and,  based  on  the 
simulation  results,  the  pad  tracks  were  rearranged  to  provide  one  more 
long  track  and  one  more  short  track,  as  was  previously  mentioned. 
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Exhibit  4.20:  Switch  Engine  Utilization  -  Revised  Simulation 
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Number  of  Flatcars 


Exhibit  4.21:  Level  of  Flatcars  on  Hand  - 
Revised  Simulation 
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The  establishment  of  the  joint  common  facility  will  change  the 
distance  trailers  must  be  moved  on  the  St.  Louis  area  highway  system. 

In  general,  this  change  is  beneficial,  as  shown  in  Exhibit  4.22,  since 
total  truck-miles  related  to  industry  pickup  and  delivery  would  decrease 
significantly  under  the  Build  Alternatives. 

The  truck-miles  statistics  shown  were  derived  by  computing  the 
distance  each  truck  travels  between  individual  railroads  ramp  locations 
in  accomplishing  over-the-road  interchange,  or  the  distance  between  the 
customer  and  the  individual  road’s  ramp  location  in  the  case  of  local 
pickup  and  delivery  service.  These  distances  were  multiplied  by  the 
number  of  trips  made  over  each  route  to  determine  truck  miles.  The 
estimated  value  of  this  reduction,  in  terms  of  drayage  costs,  is 
included  in  the  cost  estimates. 

4.3.3  Results  of  TOFC  Operations  Costing 

The  rail  operations  costs  of  operating  the  common  facility  are 
shown  in  Exhibit  4.23. 

The  trailer  handling  operations  costs  for  the  common  TOFC  facility 
are  shown  in  Exhibit  4.24. 

Transfer  costs  associated  with  hauling  loaded  TOFC  blocks  to  roads 
not  choosing  to  operate  road  trains  from  the  common  facility  were  com¬ 
puted  in  the  same  manner  as  for  other  freight  business. 

The  sum  of  these  costs  is  shown  in  Exhibit  4.25,  with  a  subtotal 
for  the  expenses  incurred  within  the  facility. 
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Exhibit  4.22:  Daily  Highway  Truck  Miles 

Associated  with  TOFC  Operations 


1985 

2000 

No  Build  Alternative 

Truck  Miles  in  Interchange 

7,222 

13,251 

Truck  Miles  in  Industry 

Pick-up  and  Delivery 

10,649 

18,737 

Total 

17,871 

31 ,988 

Two-Yard  and  Three-Yard  Directional 

and  Three-Yard  Bidirectional  Alternatives 

Truck  Miles  in  Interchange 

3,839 

6,140 

Percent  Change  Vs.  No  Build 

-47 

Truck  Miles  in  Industry 

Pick-up  and  Delivery 

10,923 

19,220 

Percent  Change  Vs.  No  Build 

2 

Total 

14,762 

25,360 

Percent  Change  Vs.  No  Build 
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Exhibit  4.23:  Rail  Operations  Costs 
Common  TOFC  Facility 


Annual  Cost 


Account /Activity 

1985 

2000 

Maintenance  of  Way 

$  454,055 

$  454,055 

Maintenance  of  Equipment 

1  ,163,687 

1,358,537 

Transportation 

666,943 

889,255 

Locomotive  Capital  Cost 

53,223 

53,223 

Car  Hire  Cost 

317,048 

575,316 

General  and  Administrative 

148,505 

175,620 

Total 

$2,803,461 

$3,506,006 
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Exhibit  4.24:  Trailer  Handling  Operations  Costs 
Common  TOFC  Facility 


Annual  Cost 


Account /Activity 

1985 

2000 

Clerical  Activity 

$1,148,200 

$  1  ,859  ,000 

Drayage 

1 ,823,800 

3,269 ,700 

Pad  and  Lot  Equipment 

Operators 

3,312,100 

5,159,900 

Pad  and  Lot  Equipment 

Capital  Cost 

939,600 

1  ,409,500 

Pad  and  Lot  Equipment 

Maintenance 

689,600 

1,168,500 

Pad  and  Lot  Fuel  Cost 

511,900 

797,200 

General  and  Administrative  Cost 

257,300 

406,200 

Total 

$8  ,682,500 

$14,070,000 
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Exhibit  4.25:  Summary  of  Annual  TOFC  Operating  Costa  ($000) 
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A  comparison  between  the  cost  of  trailer  handling  activity  in  the 
common  facility  and  the  sum  of  the  trailer  handling  costs  estimated  for 
the  individual  participating  carriers  in  their  existing  facilities  was 
made  for  both  1985  and  2000  traffic  levels.  The  estimates  of  individual 
carriers'  facilities  trailer  handling  costs  were  made  from  projections 
of  the  force  (labor  and  equipment)  required  for  each  carrier  to  handle 
its  portion  of  the  common  facility's  traffic  in  its  existing  facility (ies) 
The  force  projections  were  made  based  on  current  force  requirements  in 
the  individual  carriers'  facilities  and  the  growth  rates  for  TOFC 
traffic,  assuming  the  roads  maintained  their  current  levels  of  produc¬ 
tivity.  It  was  not  possible  to  make  any  reasonably  accurate  estimate  of 
the  costs  associated  with  rail  activity  (i.a.,  car  switching,  MOW,  loco¬ 
motives,  etc.)  in  the  individual  carriers'  intermodal  facilities,  but 
these  costs  are  generally  small  in  comparison  to  trailer  handling  costs. 
However,  it  is  reasonable  to  assume  that  some  economies  of  scale  for 
this  rail  activity  exist,  and  that  these  costs  would  be  less  for  one 
large  facility  than  for  several  smaller  facilities. 

Exhibit  4.26  presents  the  results  of  the  above  cost  comparisons. 

From  this  exhibit  it  can  be  seen  that  estimated  trailer  handling  opera¬ 
tions  cost  savings,  in  constant  1979  dollars,  related  to  the  common 
facility,  would  be  $4,400,000  per  year  at  1985  levels  of  traffic  and 
$10,500,000  per  year  at  2000  traffic  levels. 
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Exhibit  4.26:  Summary  of  Common  TOFC  Benefits 


Individual 

Operations 

Common 

Facility 

1985 

2000 

1985 

2000 

Trailer  Volume 

$  3,285 

$  6,064 

$  3,285 

$  6,064 

Annual  Clerical  Costs 

1  ,600,000 

2,800,000 

1  ,500,000 

2,200,000 

Interchange  Cost 

4,900,000 

9,600,000 

1  ,800,000 

3,300,000 

Lifts 

5,800,000 

10,300,000 

4,600,000 

6,700,000 

Total 

$12,300,000 

$22,700,000 

$  7,900,000 

$12,200,000 

Notes : 

1)  Roads  that  would  participate  have  45  clerical  employees,  handling 
2,629  trailers  at  1979  levels  of  business.  By  2000,  estimates  show 
104  clerical  employees,  for  6,064  trailers.  Proposed  common  facil¬ 
ity  operated  with  80  clerical  employees. 

2)  The  average  cost  of  a  lift  for  participating  roads  is  $14.32  (range 
$5.43  to  $20,67).  The  average  cost  of  a  lift  in  the  common  facility 
was  estimated  to  be  $9.23  (includes  12  cranes,  60  spotting  tractors, 
operators,  fuel,  maintenance)  with  1,494  lifts  in  1985,  2,701  lifts 
in  2000. 

3)  Rubber  interchange,  for  the  participating  roads,  by  year  2000  will 
cost  $9,600,000;  these  roads  will  save  $6,300,000  by  interchanging 
within  the  common  facility. 


4.50 


' 


5.0  COST-EFFECTIVENESS 


5.1  Methods  and  Parameters 

The  assessment  of  the  several  alternatives  has  focused  on  estimating 
three  measures  of  effectiveness,  under  projected  levels  of  traffic.  These 
measures  are  the  following: 

•  Transit  time  through  the  study  area; 

•  Operations  cost;  and 

•  Reliability. 

In  attempting  to  relate  these  three  measures  of  effectiveness  to  capital 
cost,  only  one  of  them  (Operations  Cost)  is  in  comparable  terms  of  dollars. 

The  other  two  measures  are  in  units  of  time  and  a  series  of  indices  which 
attempt  to  measure  reliability. 

In  traditional  benefit-cost  analysis,  all  evaluation  factors  are  re¬ 
duced  to  common  units  (usually  dollars)  so  that  benefit-cost  ratios  can  be 
calculated.  The  development  of  appropriate  dollar  values  to  apply  to  time 
and  reliability  is  judged  by  CONSAD  to  involve  either  extensive  analysis  or 
use  of  rather  crude  estimates.  Moreover,  this  would  mask  the  significance 
of  these  two  factors  as  separate  and  important  measures  of  effectiveness. 

Thus,  time  and  reliability  are  kept  as  separate  measures,  with  the  result 
that  the  evaluation  is  appropriately  termed  "Cost-Effectiveness  Analysis." 

The  key  to  the  evaluation  has  been  the  detailed  tracking  through  the  system 
(yard  and  corridor  components)  of  the  movements  of  the  1,500-odd  origin- 
destination  pairs  comprised  of  units  of  traffic  making  particular  interchanges 
within  the  study  area.  Both  the  operations'  analysis  and  the  operations 
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costing  have  retained  detail  in  time  and  cost  analysis,  so  as  to  be  able 
to  provide  time  and  cost  estimates  for  each  0-D  pair  handled.  Various 
combinations  of  these  provide  summary  measures  of  time  and  cost  by  train; 
by  carrier;  by  subsystem  (yard  or  corridor);  and  for  the  system  as  a  whole. 

Certain  specific  aspects  of  the  measurement  system  are  described  in 
the  following  sections. 

5.1.1  Cost 

There  are  two  basic  types  of  cost  at  work  in  the  system  under  analysis, 
capital  cost  and  operating  cost. 

Capital  cost  is  the  set  of  expenditures  required  for  the  physical 
improvements  to  the  common  yards  and  the  rail  corridors  of  the  St.  Louis 
Terminal  system  and  the  required  equipment  acquisitions.  These  physical 
improvements  are  described  in  various  CONSAD  working  papers  and  in  docu¬ 
mentation  developed  by  SEK.  SEK  has  been  responsible  for  estimation  of  these 
capital  costs. 

The  restructuring  study  has  focused  on  traffic  levels  and  physical 
facilities  present  in  the  base  year  (1979)  and  for  the  planning  horizon 
year  (2000).  Additionally,  the  analysis  was  applied  to  a  1985  level  of 
traffic  with  physical  facilities  of  the  year  2000. 

For  the  purposes  of  operations  analysis,  the  planning  years  were 
treated  as  discrete  points  in  time,  and  the  physical  facilities  are  as¬ 
sumed  to  exist  at  that  point  in  time  without  regard  to  the  time  sequencing 
of  construction. 

In  performing  the  cost-effectiveness  analysis,  the  question  of  timing 
of  capital  expenditures  (or  staged  construction)  has  been  considered  in 
determining  net  present  value  and  internal  rates  of  return  for  the  stream 
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of  capital  and  operating  costs  over  the  economic  lives  of  the  investments 
being  made,  given  the  assumed  time  sequence  of  capital  expenditures. 

In  relating  one-time  (capital)  expenditures  to  recurrent  (annual) 
expenditures,  such  as  operating  cost,  two  approaches  were  taken.  The 
first  was  to  calculate  the  net  present  value.  This  requires  the  selec¬ 
tion  of  a  rate  of  interest.  CONSAD  has  used  a  rate  of  interest  of  ten 
percent.*  That  rate  might  be  subject  to  a  slight  adjustment  upward  to 
represent  recent  market  interest  rates.  It  does  represent  a  rate  some¬ 
what  higher  than  rates  applied  in  recent  years  in  other  public  planning 
efforts,  but  is  considerably  lower  than  railroad  internal  rate  of  return 
levels  as  sought  by  rail  carriers  on  solely  private  investments. 

The  selection  of  economic  life  is  often  made  specific  to  the  various 
components  of  capital  cost.  For  example,  a  fifty  year  life  might  be  ap¬ 
plied  to  land  purchased  for  right-of-way;  forty  years  for  grading  expend¬ 
itures;  thirty  years  for  drainage  structures,  new  ties,  and  rail;  and  pos¬ 
sibly  twenty  years  for  signals  and  communications  facilities. 


*The  ten  percent  interest  rate  chosen  by  CONSAD  is  the  interest  rate 
prescribed  by  the  U.S.  Department  of  Transportation,  Office  of  the  Secre¬ 
tary,  in  DOT  Order  5000.1,  Discount  Rates  to  be  Used  in  Evaluating  Time- 
Distributed  Costs  and  Benefits,  June  30,  1972,  which  is  still  in  effect. 
(This  order  implements  the  regulations  set  forth  in  Office  of  Management 
and  Budget  Circular  No.  A-94  -  Revised).  This  ten  percent  interest  rate, 
used  to  discount  future  cash  flows,  is  meant  to  represent  the  average 
opportunity  cost  of  investing  funds  in  capital  projects  and  does  not  in¬ 
clude  any  provision  for  a  rate  of  inflation.  If  inflation  rates  are  consi¬ 
dered,  this  ten  percent  rate  would  be  equivalent  to  a  nominal  interest 
rate  of  approximately  18  to  20  percent  per  year.  However,  since  CONSAD 
has  analyzed  costs  and  benefits  related  to  restructuring  alternatives  in 
constant  1979  dollars,  the  effect  of  inflation  on  the  future  cash  flows 
is  not  a  factor  in  the  analysis  of  cost-effectiveness. 
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However,  the  values  used  for  maintenance  of  way  and  structures  are 
recognized  as  including  a  substantial  amount  of  cost  for  replacement 
of  rail,  ties,  and  other  such  items,  and  in  effect  already  includes 
"recapitalization"  of  the  facilities.  Therefore,  a  fifty  year  economic 
life  was  used  for  all  capital  expenditures.  The  fifty  years  were  as¬ 
sumed  to  occur  after  completion  of  construction,  which  is  estimated  as 
taking  eight  years.  Thus,  the  economic  analysis  involves  a  stream  of 
costs  and  benefits  over  a  58  year  period. 

The  other  component  of  cost  is  operations  cost.  The  analytic  method¬ 
ology  and  costing  system  developed  by  CONSAD  has  permitted  estimation  of 
operations  costs  at  a  very  detailed  level.  All  costs  except  MOW  were 
developed  at  the  level  of  individual  trains  for  corridor  costing. 

5.1.2  Effectiveness 

The  objective  of  the  cost-effectiveness  analysis  is  to  measure  the 
effectiveness  of  the  capital  expenditures  in  terms  of  the  four  measures 
of  performance  of  the  study  area  system:  Throughput  Volume  (TV);  Transit 
Time  Through  the  Study  Area  (TT);  Operations  Cost  (OC) ;  and  Reliability 
(RE). 

Throughput  volume  for  the  study  area  system  as  a  whole  has  been  pro¬ 
jected  from  the  1979  base,  to  the  years  1985  and  2000,  without  regard  to 
alternative  (Two-Yard,  Three-Yard,  No  Build).  Thus,  these  totals  are 
fixed  and  do  not  enter  the  comparison  of  alternatives.  There  are,  however, 
among  the  alternatives,  different  traffic  assignments  to  corridors  and 
common  yards.  Therefore,  the  traffic  volumes  for  these  system  components 
have  varied  from  one  alternative  to  the  next. 
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Transit  Time  Through  the  Study  Area  (TT),  is  a  key  factor  estimated 
in  the  operations  analysis.  It  includes  a  linkage  of  time  segments  which 
account  for  the  time  from  when  every  car  to  be  switched  in  the  terminal 
enters  the  study  area  or  is  received  locally;  is  moved  to  a  common  (or 

other)  classification  yard;  is  handled  at  the  yard(s);  and  is  dispatched 

out  of  the  study  area  or  is  received  locally;  is  moved  to  a  common  (or 

other)  classification  yard;  is  handled  at  the  yard(s);  and  is  dispatched 

out  of  the  study  area  or  delivered  locally.  TT  was  estimated,  under  each 
alternative,  for  a  sample  of  0-D  pairs  which  were  switched  in  the  study 
area,  and  was  expanded  to  obtain  total  TT  in  car-hours,  and,  dividing  by 
the  number  of  cars  to  be  switched,  the  average  TT,  as  was  previously  de¬ 
scribed  in  Section  3,  Methods  of  Analysis.  The  results  of  CONSAD’s  TT 
analysis  have  been  presented  in  Section  4,  Results. 

The  third  measure  of  effectiveness,  Operating  Cost  (OC)  ,  has  been 
described  in  Sections  3  and  4  of  this  report.  CONSAD  has  provided,  in 
Section  4,  summary  results  for  OC. 

The  fourth  independent  measure  of  effectiveness  is  Reliability  (RE). 
The  methods  employed  in  the  analysis  of  Reliability  were  discussed  in  Sec¬ 
tion  3  and  the  summary  results  of  this  analysis  have  been  presented  in 
Section  4  of  this  report. 

The  only  measure  of  system  performance  which  can  be  directly  related 
to  capital  expenditures  is  operations  cost.  The  relationships  of  those 
two  types  of  costs  which  have  resulted  from  the  operations  analysis  are 
given  in  Section  5.2.  The  comparison  of  alternatives  in  all  of  the  meas¬ 
ures  of  performance  is  given  in  Section  5.3. 
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5.2  Financial  Analysis 


Analysis  of  investments  proposed  for  the  study  involves  the 
evaluation  of  a  number  of  factors,  all  of  which  have  been  discussed 
previously  in  this  report.  Among  the  factors,  two  are  of  particular 
importance  because  they  are  in  comparable  terms  of  dollars.  These 
two  directly  comparable  factors  are  capital  cost  and  operating  cost. 
This  section  describes  the  quantitative  comparison  of  capital  invest¬ 
ments  with  the  savings  in  operating  cost  over  the  economic  lives  of  the 
proposed  facilities.  All  costs  are  presented  in  constant  1979  dollars. 

5.2.1  Capital  Costs 

CONSAD  was  provided  estimates  of  capital  costs  to  be  expended  to 
implement  each  of  the  alternatives  by  SEK.  Those  costs  by  construction 
year  are  given  in  Exhibit  5.1.  It  can  be  seen  that  the  construction 
period  is  assumed  to  last  eight  years.  Some  of  the  corridor  improve¬ 
ments  and  the  consolidated  TOFC  facility  are  to  be  completed  before  the 
end  of  the  eight-year  period. 

The  capital  investments  are  assumed  to  have  a  useful  economic 
life  of  fifty  years  beyond  construction.  After  that  time  period,  some 
components  will  have  a  salvage  value.  Exhibit  5.2  shows  the  assumed 
salvage  values  used.  These  values  vary  with  the  nature  of  the  improve¬ 
ments  and  are  consistent  with  accepted  engineering  practice,  and  with 
assumptions  utilized  in  the  estimation  of  operations  (including  main¬ 
tenance)  costs  by  CONSAD. 

It  should  be  noted  that  the  capital  costs  provided  are  intended 
to  represent  only  those  costs  associated  with  the  Build  Alternatives. 
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Exhibit  5.1  Railroad  Related  Capital  Cost  by  Construction 
Year  (Constant  1979  Dollars) 


Capital  Cost  by  Alternative* 


Construction 

Year 

Two-Yard 

Directional 

Three-Yard 

Directional 

Three-Yard 

Bidirectional 

1 

$  42,330,000 

$  44,420,000 

$  43,280,000 

2 

113,170,000 

117,320,000 

116,560,000 

3 

146,730,000 

159,310,000 

155,640,000 

4 

81,490,000 

93,000,000 

89,300,000 

5 

49,330,000 

60,270,000 

56,560,000 

6 

33,550,000 

44,360,000 

40,980,000 

7 

33,450,000 

44,190,000 

40,580,000 

8 

31,110,000 

41,780,000 

38,180,000 

TOTAL 

$531,160,000 

$604,650,000 

$581,080,000 

’  *These  capital  costs  exclude  costs,  such  as  those  for 
of  riverfront  land,  which  were  not  considered  by  SEK  to  be 
related  to  the  restructuring  of  railroad  operations  within 


the  clearing 
specif ically 
the  study  area. 
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Exhibit  5.2:  Assumed  Salvage  Values  by  Components 
(Constant  1979  Dollars) 


Percent  of 
Investment 

Salvage 

Value  by  Alternative 

Component 

Salvageable 
After  50  Years 

Two-Yard 

Directional 

Three-Yard 

Directional 

Three-Yard 
Bidirec  tional 

Trackwork 

10% 

$  7,734,000 

$  7,713,000 

$  7,450,000 

Signaling 

10% 

3,870,000 

3,939,000 

3,939,000 

Grading 

50% 

11,403,000 

13,512,000 

13,012,000 

Roadbed 
Prepara  tion 

25% 

287,000 

364,000 

322,000 

Drainage 

50% 

3,750,000 

5,000,000 

5,000,000 

Ditch 

Relocation 

50% 

1,250,000 

4,450,000 

4,450,000 

Structures 

10% 

4,773,000 

6,258,000 

6,258,000 

TOTAL 

$33,067,000 

$41,236,000 

$40,431,000 
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The  capital  cost  of  the  No  Build  Alternative  is  neglected,  which  is  an 
implicit  assumption  of  zero  capital  cost  for  that  alternative. 

Such  an  assumption  is  not  precisely  correct.  As  has  been  discussed 
above,  the  No  Build  Alternative  is  not  the  same  as  a  "no  cost"  alternative 
In  order  to  handle  the  traffic  volumes  projected  for  the  year  2000,  in¬ 
vestments  will  have  to  be  made  either  within  or  outside  of  the  study  area. 
The  neglect  of  those  investments  will  tend  to  overstate  the  capital  costs 
due  to  each  of  the  Build  Alternatives. 

5.2.2  Operations  Cost  Savings 

The  estimated  operating  costs  for  each  of  the  alternatives  analyzed 
is  given  in  Exhibits  4.8  and  4.9  for  the  years  1985  and  2000,  respectively 
The  differences  between  those  costs  for  each  of  the  Build  Alternatives  as 
compared  with  the  No  Build  Alternative  provides  the  estimate  of  operating 
cost  savings.  The  annual  operating  costs  and  savings  for  the  years  1985 
and  2000  are  shown  in  Exhibit  5.3. 

In  order  to  represent  the  annual  operating  cost  savings  over  the 
fifty-eight  year  economic  period  of  interest,  certain  assumptions  were 
necessary.  First,  it  was  assumed  none  of  the  savings  in  yard  operating 
costs  would  be  realized  until  the  yard  construction  was  completed  after 
the  full  eight  year  construction  period.  Second,  owing  to  the  fact  that 
the  consolidated  TOFC  facility  and  the  corridor  improvements  would  be 
completed  after  four  years,  some  of  the  cost  savings  due  to  those  improve¬ 
ments  could  be  realized  in  year  five  and  thereafter.  Third,  since  the 
facilities  were  designed  at  year  2000  traffic  levels,  all  cost  savings 
from  2001  through  the  fifty-eighth  year  (2039)  were  held  constant. 


Exhibit  5.3:  Projected  Annual  Operating  Costs  and  Savings 
Versus  No  Build  Alternative  (Constant  1979 
Dollars) 


1985 

(000 ' s  of  $) 

2000 

(000 's  of 

Alternative 

Costs 

Savings  Vs . 

No  Build 

Costs 

Savings  )Ls_* 
No  Build 

No  Build 

282,972 

— 

379,358 

— 

Two-Yard 

Directional 

191,924 

91,048 

251,312 

128,046 

Three-Yard 

Directional 

185,267 

97,705 

245,326 

134,032 

Three-Yard 

Bidirectional 

170,458 

112,514 

223,822 

155,536 
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Even  though  no  cost  savings  could  be  realized  in  the  early  years  of  pro¬ 
ject  implementation,  the  estimates  of  savings  in  1985  were  used,  with 
year  2000  estimates,  to  provide  for  interpolation  of  the  intermediate 
years.  Cost  savings  for  the  1986  through  2000  period  for  TOFC  and  cor¬ 
ridors,  and  the  1990  through  2000  period  for  yards  were  interpolated 
using  a  compound  growth  factor. 

The  resulting  operating  cost  savings  by  alternative  and  project 
year  is  shown  in  Exhibit  5.4.  Again,  the  savings  are  projected  as  the 
difference  in  operating  costs  for  each  alternative,  relative  to  the 
No  Build  Alternative. 

5.2.3  Return  on  Investment 

The  projected  stream  of  capital  costs  and  benefits  (savings  in 
operating  costs)  has  been  analyzed  in  a  discounted  cash  flow  context, 
and  the  results  are  given  for  each  of  the  Build  Alternatives  in  Exhi¬ 
bit  5.5.  It  shows  that  all  three  of  the  Build  Alternatives  are  worth¬ 
while  projects  which  will  result  in  benefits  which  exceed  costs  over 
the  project  life.  The  Three-Yard  Bidirectional  Alternative  performs 
best  with  a  net  present  value  (at  10  percent  interest)  of  over  314 
million  dollars,  and  a  14.9  percent  internal  rate  of  return  (IRR). 

The  Two-Yard  Directional  Alternative  is  next  best,  with  a  14.0  percent 
IRR,  with  the  Three-Yard  Directional  Alternative  least  attractive  of 
the  three.  Its  IRR  is  13.4  percent. 

The  results  shown  in  Exhibit  5.5  are  all  based  on  the  unit  cost 
values  as  described  in  Section  3  and  all  the  conditions  described 
earlier  in  this  report.  There  are  two  factors  which  can  have  a  signi¬ 
ficant  effect  on  the  results  of  the  investment  analysis  and  should  be 
taken  into  account.  These  are  car-hire  costs  and  labor  protection. 
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Exhi 

Year 

1982 

1983 

1984 

1985 

1986 

1987 

1988 

1989 

1990 

1991 

1992 

1993 

1994 

1995 

1996 

1997 

1998 

1999 

2000 

2001 

2039 


5.4:  Operations  Cost  Savings  by  Alternative 
and  Year  (Constant  1979  Dollars) 


Two-Yard 

Directional 

Three-Yard 

Directional 

Three-Yard 

Bidirectional 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

$  21,795,242 

$  21,795,242 

$  21,795,242 

27,272,399 

27,272,399 

27,272,399 

27,946,083 

27,946,083 

27,946,083 

28,623,000 

28,623,000 

28,623,000 

103,380,660 

109,814,000 

126,854,660 

105,847,190 

112,235,800 

129,722,790 

108,313,720 

114,657,600 

132,590,920 

110,780,250 

117,079,400 

135,459,050 

113,246,780 

119,501,200 

138,327,180 

115,713,310 

121,923,000 

141,195,310 

118,179,840 

124,344,800 

144,063,440 

120,646,370 

126,766,600 

146,931,570 

123,112,900 

129,188,400 

149,799,700 

125,579,430 

131,610,200 

152,667,830 

128,046,000 

134,032,000 

155,536,000 

$128,046,000 

$134,032,000 

$155,536,000 
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Exhibit  5.5:  Results  of  Financial  Analysis,  by  Alternative 
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The  value  used  in  the  cost  analysis  for  car-hire  was  derived  from 
per  diem  charges  of  the  cars  actually  passing  through  St.  Louis  on 
March  30,  1979.  The  value  used  was  30.7  cents  per  car-hour  and  repre¬ 
sents  per  diem  charges  for  a  variety  of  car  types  and  ages.  The  prom¬ 
ise  of  the  MARGE  project  and  the  findings  described  in  this  report 
indicate  the  capital  investments  made  will  decrease  the  time  to  tra¬ 
verse  the  study  area.  At  issue,  however,  is  the  value  of  the  time  saved. 
While  per  diem  is  a  useful  number  since  it  represents  the  charges  which 
each  railroad  assesses  for  car  usage  on  another  road,  it  does  not  ade¬ 
quately  reflect  the  resource  cost  or  value  of  savings  in  car  time.  In 
fact,  to  the  extent  that  time  saved  in  St.  Louis  will  allow  railroads 
greater  use  of  their  car  fleets  and  postpone  purchase  of  new  cars,  the 
appropriate  value  of  car  time  saved  is  the  value  of  replacement  cars. 

That  value  would  reflect  the  purchase  price  of  new  cars  and  current 
interest  rates. 

A  recent  article  in  Modern  Railroads  has  placed  a  value  on  the  car 
fleet  which  translates  to  70  cents  per  car-hour.  In  order  to  incorporate 
replacement  cost  into  the  investment  analysis,  that  value  70  cents  per 
car-hour,  was  used  to  adjust  the  benefits  due  to  restructuring.  The 
effect  of  using  that  value  for  car-hire  is  to  change  the  economic  indices 
as  shown  in  Exhibit  5.6. 

The  effect  of  incorporating  labor  protection  into  the  evaluation  is 
to  increase  costs  for  the  period  of  labor  protection  payments,  and  thus 
to  reduce  the  project  returns.  Costs  of  labor  protection  payments  were 
obtained  from  SEK  and  are  shown  in  Exhibit  5.7  for  the  six -year  period 
starting  with  the  ninth  year. 
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Exhibit  5.7:  Estimates  of  Labor  Protection  Costs 
(Constant  1979  Dollars) 


Proi ect 

Year 

Two-Yard 

Directional 

Three-Yard 

Directional 

Three-Yard 

Bidirectional 

9 

$12,905,000 

$12,200,000 

$20,186,000 

10 

7,078,000 

6,681,000 

12,443,000 

11 

3,397,000 

3,349,000 

8,326,000 

12 

2,037,000 

1,115,000 

5,540,000 

13 

1,043,000 

264,000 

3,329,000 

14 

373,000 

134,000 

1,705,000 

TOTAL 

$26,833,000 

$23,743,000 

$51,529,000 

5.16 


The  effect  of  including  labor  protection  costs  into  the  financial 
analysis  is  also  shown  in  Exhibit  5.6  along  with  the  effect  of  using 
replacement  cost  for  car-hire.  The  bottom  of  that  exhibit  shows  meas¬ 
ures  of  financial  performance  with  adjustments  made  for  both  factors. 

5.2.4  Incremental  Investment  Analysis 

Throughout  the  financial  analyses  presented  in  the  preceeding  sec¬ 
tions,  the  three  Build  Alternatives  have  been  analyzed  and/or  compared 
with  respect  to  the  No  Build  Alternative.  That  is,  the  financial  results 
of  making  capital  expenditures  to  realize  benefits  in  the  form  of  oper¬ 
ating  cost  savings,  under  each  Build  Alternative,  have  been  measured  in 
terms  of  incremental  changes  versus  the  No  Build  Alternative. 

Another  interesting  manner  in  which  the  capital  and  operating  costs 
associated  with  each  of  the  Build  Alternatives  could  be  analyzed  was  the 
measurement  of  incremental  changes  in  capital  expenditures  and  operating 
cost  savings  of  these  alternatives  relative  to  one  another.  This  was 
done  by  ranking  the  three  Build  Alternatives  in  order  of  increasing  capital 
costs  of  implementation  and  analyzing  the  financial  effects  of  making  the 
incremental  increases  in  capital  investment  to  go  between  alternatives  of 
lower  capital  costs  to  those  of  higher  capital  costs.  In  following  this 
procedure,  it  was  possible  to  analyze  the  incremental  changes  in  capital 
costs  and  operating  cost  savings  between  the  following  Build  Alternative 
combinations : 

•  From  Two-Yard  Directional  (capital  cost:  $531  million) 

to  Three-Yard  Bidirectional  (capital  cost:  $581  million); 

•  From  Two-Yard  Directional  (capital  cost:  $531  million) 
to  Three-Yard  Directional  (capital  cost:  $605  million); 
and 
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•  From  Three-Yard  Bidirectional  (capital  cost:  $581  million) 
to  Three-Yard  Directional  (capital  cost:  $605  million). 

The  results  of  this  incremental  investment  analysis  are  presented  in 
Exhibit  5.8.  From  this  exhibit  it  can  be  seen  that  the  incremental  invest¬ 
ment  of  $31,320,000  made  in  going  from  the  Two-Yard  Directional  to  the 
Three-Yard  Bidirectional  Alternative  would  be  worthwhile;  since  it  makes 
a  significant  contribution  to  the  net  present  value  of  restructuring,  has 
a  large  benefit/ cost  ratio  and  a  relatively  high  internal  rate  of  return, 
which  at  21.8  percent  is  significantly  greater  than  the  ten  percent  oppor¬ 
tunity  cost  of  capital  assumed  in  these  analyses.  In  fact,  the  incre¬ 
mental  investment  in  going  from  the  Two-Yard  Directional  to  the  Three- 
Yard  Bidirectional  Alternative  is  the  only  one  of  the  three  possible  in¬ 
crements  analyzed  which  makes  a  positive  contribution  to  net  present  value 
and  has  a  benefit/cost  ratio  of  more  than  one.  Thus,  based  on  this  anal¬ 
ysis,  the  incremental  increase  in  capital  investment  required  to  go  from 
the  Two-Yard  Directional  or  Three-Yard  Bidirectional  Alternatives  to  the 
Three-Yard  Directional  Alternative  would  not  be  warranted.  This  analysis 
also  supports  the  results  of  the  preceeding  financial  analyses,  indicat¬ 
ing  that  the  Three-Yard  Bidirectional  Alternative  would  have  the  best 
financial  performance  of  any  of  the  Build  Alternatives. 

5.3  Results  and  Conclusions 

5.3.1  Summary  of  Results 

As  noted  above,  the  dollar  valued  savings  in  operating  cost  is 
just  one  of  the  measures  for  evaluation.  Other  performance  measures 
for  each  alternative  have  been  presented  in  Section  4.  Exhibit  5.9 
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_ Increments  Between  Build  Alternatives  _ _ _ 

Two-Yard  Directional/  Two-Yard  Directional/  Three-Yard  Bidirectional/ 

Three-Yard  Bidirectional  Three-Yard  Directional  Three-Yard  Directional 
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summarizes  the  several  measures .  It  indicates  how  each  of  the  alter¬ 
natives  will  perform  in  the  year  2000  in  terms  of  operating  cost, 
time,  and  reliability. 

•* 

The  Three-Yard  Bidirectional  Alternative  clearly  performs  the 
best.  It  has  the  lowest  annual  and  per  car  operating  cost,  transit 
time,  and  number  of  cars  delayed  daily,  and  is  highest  in  percent  of 
cars  meeting  schedules,  benefit-cost  ratio  and  internal  rate  of  re¬ 
turn.  This  alternative  does  not  have  the  lowest  capital  cost,  but 
would  cost  some  50  million  dollars  more  than  the  Two-Yard  Alternative, 
which  is  the  lowest.  However,  since  the  benefit-cost  ratio  and  IRR 
are  both  higher  than  for  the  Two-Yard,  the  savings  of  the  Three-Yard 
Bidirectional  more  than  make  up  the  difference. 

A  comparison  between  the  Two-Yard  Alternative  and  the  Three-Yard 
Directional  Alternative  is  mixed,  with  each  alternative  being  better 
than  the  other  in  some  of  the  measures  of  performance. 

It  should  be  noted  that  the  benefit  estimates  do  not  account  for 
the  value  of  the  lading  on  the  rail  cars  which  move  through  the  system. 

The  Build  Alternatives  substantially  reduce  the  time  spent  in  the  system 
and  would,  in  turn,  reduce  inventory  costs  for  rail  users.  Inclusion  of 
such  inventory  cost  sayings  would  increase  the  return  on  investment  values. 
This  point  is  discussed  under  "Economic  Impacts"  in  the  Draft  Environmen¬ 
tal  Impact  Statement. 

In  summary,  the  analysis  has  shown  that  there  are  substantial  bene¬ 
fits  to  improvements  at  St.  Louis;  that  all  three  of  the  restructuring 
alternatives  are  justifiable  investments;  and  that,  from  the  viewpoint 
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of  railroad  operations  analysis,  the  Three-Yard  Bidirectional  Alter¬ 
native,  in  terms  of  railroad  operational-  and  cost-effectiveness,  is 
the  best  of  the  three  alternatives  studied. 

5.3.2  Additional  Considerations 

In  evaluating  the  results  of  the  analysis  of  operational  -  and  cost- 
effectiveness,  there  are  several  additional  considerations  which  should 
be  taken  into  account.  These  considerations  are  briefly  discussed  below. 

Mergers 

During  the  course  of  this  study,  several  railroads  operating  in  the 
study  area  have  been  or  are  currently  involved  in  mergers  and/or  acquisi¬ 
tions.  Because  of  the  many  uncertainties  involved  with  most  merger  appli¬ 
cations,  the  exact  effects  of  potential  mergers  on  overall  railroad  oper¬ 
ations  in  the  study  area  could  not  be  determined  with  any  accuracy,  and 
therefore,  were  not  explicitly  considered  in  the  operations  and  cost 
analyses  for  the  study  area.  That  is,  the  institutional,  operational  and 
cost  structures  of  the  railroads  as  they  existed  on  the  study  day  of 
March  30,  1979  served  as  the  basis  from  which  these  analyses  were  con¬ 
ducted  . 

In  the  cases  where  merger  applications  had  been  filed  (BN-SLSF,  CSX, 
MP-UP  and  SSW  acquisition  of  CRIP  St.  Louis-Tucumari  Line),  informal  reviews 
of  the  operating  plans  contained  in  these  applications  were  conducted. 

These  reviews  revealed  that  the  primary  impact  of  each  of  these  mergers, 
on  study  area  operations,  would  be  modest  increases  in  the  levels  of  activity 
on  certain  corridor  segments  and  in  certain  classification  yards.  In  all 
cases,  these  increases  in  activity  or  traffic  were  determined  to  be  of  no 
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material  significance  with  respect  to  overall  railroad  operations  in  the 
study  area. 

Work  Rules 

'  & 

The  operations  and  cost  analyses  in  this  study  were  performed  assum¬ 
ing  that  all  current  work  rules  and  practices  encompassed  in  existing 
national  railroad  labor  agreements  and  government  regulations  would  remain 
in  effect.  It  is  likely  that  certain  changes  in  work  rules  would  signif¬ 
icantly  improve  railroad  operating  efficiency  and  reduce  operating  costs; 
however,  this  issue  is,  for  the  most  part,  separate  from  the  specific 
concerns  involved  in  the  restructuring  of  physical  facilities  and  opera¬ 
ting  plans  within  the  study  area.  Changes  in  work  rules  in  the  future 
are  not  realistically  predictable  and  because  the  same  work  rules  and 
labor  practices,  either  existing  or  changed,  would  apply  to  all  restruc¬ 
turing  alternatives,  their  effect  on  the  relative  performance  of  these 
alternatives  should  be  negligible. 

Impacts  During  Construction 

The  operational  and  cost  impacts  related  to  the  actual  construction 
involved  in  implementing  any  of  the  Build  Alternatives  have  not  been  quan¬ 
tified  as  a  part  of  this  analysis.  However,  it  has  been  the  opinion  of 
engineers  in  SEK  and  other  parties  that  the -impacts  during  construction 
activities  associated  with  either  of  the  Three-Yard  Alternatives  would 
be  less  than  those  for  the  Two-Yard  Directional  Alternative.  The  pri¬ 
mary  reason  is  that  under  the  Three-Yard  Alternatives,  Madison  Yard  could 
continue  to  operating  relatively  unhindered  during  the  construction  of 
New  Yard,  as  no  significant  amount  of  construction  would  take  place  in 
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Madison  Yard  in  this  case;  whereas,  under  the  Two-Yard  Alternative,  Madison 
Yard  would  be  expanded  and  thus,  involved  in  construction  activity. 

Although  the  impacts  of  construction  on  railroad  operations  may  be 
of  concern  at  certain  points  within  the  study  area,  the  duration  of  the 
impacts  at  any  one  point  will  generally  be  short,  as  much  of  the  construc¬ 
tion  activity  may  take  place  without  significantly  effecting  operations, 
especially  in  the  yards  where  the  majority  of  construction  will  take  place 
on  the  periphery  of  these  facilities  and  may  be  conducted  piecemeal.  Also, 
the  potential  benefits  (i.e. ,  operational  efficiency  and  cost  savings)  which 
might  be  realized  after  partial  completion  of  yard  and  corridor  improvements 
were  not  included  in  the  analysis.  This  has  resulted  in  a  slight  under¬ 
estimation  of  the  benefits  associated  with  each  of  the  Build  Alternatives, 
which,  overall,  should  tend  to  offset  any  negative  impacts  related  to  con¬ 
struction. 

Value  of  Present  Facilities 

The  value  of  railroad  facilities  currently  in  place  in  the  study  area 
has  not  been  specifically  determined.  It  is  reasonable  to  believe  that 
the  value  of  these  facilities  to  the  railroads  is  significant.  The  strat¬ 
egic  location  of  the  study  area  in  the  national  railroad  system  and  the 
high  levels  of  railroad  activity  in  the  area  strongly  suggest  that  the  study- 
area  is  a  necessary  part  of  the  system  and  that  its  role  in  this  system 
cannot  be  easily  assumed  by  other  parts  of  the  system  (i.e.,  other  terminal 
and  interchange  points).  The  capital  investment  required  to  improve  facili¬ 
ties  and  operations  in  the  study  area,  especially  when  one  considers  the 
value  or  "sunk  costs"  associated  with  the  existing  facilities,  potentially 
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could  prove  to  be  a  far  more  effective  use  of  limited  funds  than  capital 
investments  which  might  need  to  be  made  in  other  areas  in  the  railroad 
system,  if  these  areas  are  to  serve  as  reasonable  alternatives  to  the 
St.  Louis-East  St.  Louis  Terminal  Area. 

National  Benefits 

CONSAD's  work  has  not  included  the  estimation  of  the  national  effi¬ 
ciency  benefits  that  could  come  with  improvements  in  St.  Louis-East  St. 
Louis.  To  the  extent  that  such  improvements  would  increase  the  effi¬ 
ciency,  including  delivery  times,  of  the  national  railroad  network,  and 
to  the  extent  that  this  would  allow  the  railroad  system  to  attract  a 
greater  share  of  the  Nation's  freight  traffic  from  more  costly  and  energy¬ 
consuming  transport  modes,  there  would  be  additional  transportation  bene¬ 
fits  associated  with  the  proposed  Build  Alternatives. 
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APPENDIX  A 

Annotated  List  of  CONSAD  Working  Papers 


A.  1 


Working  Paper  No.  1,  Identify  Parameters  of  Phase  II  Study,  April  17,  1979. 


In  order  to  initiate  the  operations  analyses  of  the  Phase  II  Study, 
it  was  necessary  to  define  the  key  paramaters  of  the  study.  In 
conjunction  with  I-DOT  and  the  Railroad  TAC,  CONSAD  defined  and 
addressed  the  following  five  major  paramaters-:  definition  of  altern¬ 
ative  restructuring  plans  to  be  analyzed;  choice  of  a  horizon  year 
for  planning;  application  of  growth  factors  to  railroad  traffic 
data;  specification  of  a  data  collection  period;  and  plans  for  a 
joint  intermodal  facility.  This  working  paper  highlights  the 
considerations  made  by  CONSAD,  I-DOT  and  the  Railroad  TAC  in  arriv¬ 
ing  at  the  definition  of  these  paramaters  and  states  the  final 
position  (s)  eventually  agreed  upon  by  all  parties. 


Working  Paper  No.  2,  Select  Simulation  Models,  April  17,  1979. 

In  an  effort  to  fully  analyze  the  operational  effectiveness  of 
proposed  restructuring  alternatives  it  was  necessary  to  simulate 
the  movement  of  the  traffic,  trains,  and  cars,  through  the  railroad 
yards  and  corridors  within  the  terminal  area,  under  each  of  the 
proposed  alternatives.  This  working  paper  describes  CONSAD’ s 
initial  efforts  to  find  appropriate  yard  and  corridor  simulation 
models  or  procedures  to  be  applied  to  the  St.  Louis  Terminal 
Area . 


Working  Paper  No.  3,  Compilation  of  Data  Collected  an  Tabulated,  January 
11,  1980. 

In  support  of  its  operations  and  cost  analyses,  CONSAD  collected 
large  volumes  of  detailed  data  from  a  variety  of  sources.  This 
working  paper  summarizes  and  documents  the  data  collected  and  tabu¬ 
lated  by  CONSAD  for  use  in  its  analyses.  The  data  presented  here 
are  of  three  major  types,  namely:  data  concerned  with  the  volumes 
and  composition  of  railroad  traffic  in  the  terminal  area;  equipment 
employed  in  the  movement  of  this  traffic,  and  information  concerned 
with  the  physical  facilities  within  the  terminal  area  (i.e.:  yards 
and  corridor  segments) . 


Working  Paper  No.  4,  Corridor  Analysis  Procedure,  December  18,  1979. 


Because  no  computer  model  suitable  for  simulating  the  complex  cor¬ 
ridor  operations  within  the  terminal  area  was  found  to  exist, 
CONSAD  devised  a  manual  analysis  procedure  which  would  trace  the 
movements  of  trains  within  and  through  the  terminal  area  and  pro¬ 
vide  data  to  be  used  in  the  evaluation  of  corridor  operations  at 
projected  levels  of  traffic  and  under  the  operating  plans  associ¬ 
ated  with  the  various  proposed  restructuring  aternatives.  In  this 
working  paper,  the  seven  step  corridor  simulation/analysis  process 
is  discussed;  information  input  to  the  analysis  is  identified; 
and  the  form  and  content  of  analytical  output  is  described. 


Working  Paper  No.  5,  Criteria  for  Evaluation,  December  14,  1979. 

The  purpose  of  this  working  paper  was  to  document  the  methods  for 
the  evaluation  of  proposed  restructuring  alternatives  and  to  serve 
as  an  aid  in  the  refinement  of  analytic  procedures  for  yard  and 
corridor  operations  and  cost  analyses.  Here,  the  system(s)  of  in¬ 
terest  are  defined  and  the  development  of  specific  criteria  to  be 
used  as  measures  of  operational  effectiveness  of  yards  and  cor¬ 
ridors  are  described.  Finally,  an  approach  is  set  forth  for  combin¬ 
ing  the  evaluation  of  the  two  major  subsystems,  yards  and  cor¬ 
ridors,  to  obtain  measures  of  effectiveness  for  the  gateway  system 
as  a  whole. 


Working  Paper  No.  6,  Processing  of  Traffic  Data,  December  14,  1979. 

A  necessary  ingredient  in  the  evaluation  of  operational  and  cost 
impacts  of  restructuring  railroad  operation  in  the  St.  Louis 
Gateway  was  the  analysis  of  current  and  projected  future  traf¬ 
fic  flows  within  the  through  the  terminal  area,  including  inter¬ 
change,  overhead,  and  local  industry  traffic.  This  working  paper 
describes  the  traffic  data  base  used  by  CONSAD  and  the  methods 
employed  in  collecting,  processing  and  analyzing  that  data.  Each 
of  the  four  major  components  of  this  data  base  are  discussed  in  the 
reports,  specifically:  Train  consists,  interchange  reports,  and 
tower  sheets;  Labor/Management  Task  Force/AAR  data  bases;  projections 
of  traffic  data  to  horizon  years  (1985  and  2000);  and  assignment 
of  projected  inbound  and  outbound  traffic  to  yards. 
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Working  Paper  No.  7,  TOFC  Analysis,  December  21,  1979. 


A  major  element  involved  with  the  restructuring  of  the  St.  Louis 
Railroad  Gateway  was  the  development  of  a  plan  for  a  common  inter- 
modal  terminal  facility.  In  this  working  paper  the  primary  issues 
to  be  considered  in  the  operational  analysis  of  such  a  facility 
are  discussed.  These  issues  include:  the  volume  and  type  of 
traffic  to  be  handled;  operational  strategies  to  be  employed  (i.e.; 
loading  and  unloading  equipment,  type  of  switching,  etc.);  and  the 
interfacing  of  this  facility  with  other  general  classification 
yards . 


Working  Paper  No.  8,  Costing  Methodology,  December  18,  1979. 

One  of  the  critical  elements  in  evaluating  the  restructuring  plans 
for  the  St.  Louis  Gateway  was  the  cost  of  operations  to  be  incurred 
by  all  railroads  and  the  relationship  of  that  cost  to  the  capital 
costs  of  implementing  each  plan.  CONSAD  researched  various  technique 
for  analyzing  the  cost  of  operations.  In  this  working  Paper, 

Section  2.0  describes  the  alternative  approaches  to  cost  estimation 
examined,  their  advantages  and  disadvantages  in  use  and  the  approach 
selected  on  a  basis  of  criteria  established  by  CONSAD.  Section  3.0 
discusses  the  methodology  proposed  for  estimation  of  operating  costs 
and  the  process  for  implementing  the  methodology.  Additionally, 
a  sample  application  of  the  cost  methodology  is  presented  in  an 
appendix . 


Working  Paper  No.  9,  Secondary  Operating  Issues,  January  18,  1980. 

In  addition  to  the  primary  issues  of  yard  and  corridor  capacity  and 
efficiency,  which  were  throughly  analyzed,  CONSAD  also  examined  other 
"secondary"  operating  issues.  This  working  paper  describes  these 
secondary  operating  issues  and  sets  forth  CONSAD' s  approach  to 
addressing  them.  Included  in  this  report  are  examinations  of  the 
following  six  key  secondary  operating  issues:  (1)  train  control  and 
dispatch;  (2)  paper  and  data  flow;  (3)  car  servicing  and  repair;  (4) 
locomotive  servicing  and  repair;  (5)  crew  support  activities;  and 
(6)  trackage  rights.  Also,  a  number  of  other  secondary  operating 
issues  of  lesser  importance  are  briefly  touched  upon. 


Working  Paper  No.  10,  Evaluation  of  Operations  in  the  Tvo  No  Build 
Yards  for  the  Year  1979 ,  March  6,  1980. 


This  working  paper  documents  the  methods  of  analysis  employed  for 
the  evaluation  of  operations  in  Madison  and  Gateway  Yards  in  the 
Year  1979  under  the  "No  Build"  plan  alternative,  and  presents  the 
results  of  these  analyses.  The  utilization  of  the  Conrail  Yard 
Model,  including  model  input,  mechanics,  and  output,  are  discussed; 
and  CONSAD's  general  analytical  procedures,  along  with  the  develop¬ 
ment  of  yard  operating  performance  measures,  are  described.  The 
information  provided  from  this  exercise  aided  in  the  formation  of  a 
basis  for  assessing  the  efficacy  of  proposed  alternatives  for  yard 
operations  within  the  Gateway. 


Working  Paper  No.  11A,  Evaluation  of  Operations  in  Madison  and 
Gateway  Yards  Under  the  Two-Yard  Plan  for  the  Year  2000,  April  11,  1980. 


This  working  paper  documents  the  processes  involved  in  the  analysis 
of  operations  in  Madison  and  Gateway  Yards  for  the  year  2000  under 
the  Two-Yard  Alternative  and  presents  the  results  of  this  analysis. 
Information  on  the  physical  facilities  and  configurations,  opera¬ 
tional  policies  and  characteristics,  and  traffic  bases  of  the  two 
proposed  yards  are  presented  in  an  appendix.  Additionally,  rele¬ 
vant  comparisons  are  made  between  the  results  of  the  yard  operations 
analysis  for  this  particular  case  and  results  obtained  in  the  anal¬ 
ysis  of  the  "base  case"  (i.e.,  1979  No  Build),  presented  in  CONSAD’s 
Working  Paper  No.  10.  These  types  of  comparisons  served  as  important 
tools  in  the  overall  evaluation  of  yard  performance  in  future  years 
and/or  under  various  restructuring  alternatives. 

Working  Paper  No.  11B,  Analysis  of  Operations  in  No  Build  Madison,  Two  Yard 

Madison  and  Three-Yard  New  Yards  for  the  Years  1985  and  2000  May  23,  1980. 


This  working  paper  presents  and  documents  the  results  of  the  anal--- 
ysis  of  operations  in  No  Build  and  Two-Yard  Madison  Yards  and  Three- 
Yard  New  Yard  for  the  years  1985  and  2000.  Based  on  these  results, 
relevant  comparisons  are  made  between  the  performances  of  the 
three  alternative  yard  configurations,  in  relation  to  their  traffic 
bases,  for  each  of  the  two  future  years.  Of  primary  interest  here, 
is  the  performance  of  Three— Yard  New  Yard,  in  both  absolute  terms 
and  relative  to  the  performance  of  Madison  Yard  under  the  No  Build 
and  Two-Yard  restructuring  alternatives.  Information  concerning 
the  yards'  physical  facilities,  operational  characteristics  and 
traffic  bases  are  also  presented  in  an  appendix  to  this  report. 


Working  Paper  No.  12,  Analysis  of  Operations  in  No  Build  Two-Yard  and, 
Three-Yard  Gateway  Yards  for  the  Years  1985  and  2000,  June  27,  1980. 


This  working  paper  presents  and  documents  the  results  of  the  anal¬ 
ysis  of  operations  in  No  Build,  Two-Yard,  and  Three-Yard  Gateway 
Yards  for  the  years  1985  and  2000.  Based  on  these  results,  rele¬ 
vant  comparisons  are  made  between  the  performances  of  the  alterna¬ 
tive  yard  configurations,  in  relation  to  their  traffic  bases  for 
each  of  the  two  future  years.  Of  particular  interest  here,  is  the 
performance  of  the  revised  configuration  of  Gateway  Yard,  as  ex¬ 
panded  under  the  Two-Yard  and  Three-Yard  restructuring  alternatives. 
This  revised  plan  for  Gateway  Yard,  Phase  II  Plan  Modified  Alton 
and  Southern  Concept  Study,  replaced  the  Phase  I  Plan  Concept  Study 
for  the  Yard's  expansion,  which  had  been  found  to  be  operationally 
infeasible.  Data  concerned  with  the  physical  facilities,  operational 
characteristics,  and  traffic  base  (s)  of  this  revised  configuration 
for  Gateway  Yard  are  also  presented  in  an  appendix  to  the  report. 


Working  Paper  No.  14  A,  Evaluation  of  1979  No  Build  Corridor  Simulation, 
March  18,  1980, 


In  order  to  analyze  corridor  operations  for  the  various  restru- 
turing  alternatives  and  in  various  years,  C0NSAD  simulated  the 
everyday  movement  of  trains  over  the  terminal  area  corridor 
system.  This  simulation  provided  estimated  measures  of  the 
operational  performance  for  each  train  moving  within  the  ter¬ 
minal  area,  as  well  as  for  individual  components  (line  segments 
and  stations)  making-up  the  corridor  network,  and  included: 
speed,  running  time,  delay,  and  conflict  with  other  train 
movements.  The  purpose  of  this  working  paper  was  to  document 
the  methods  employed  in  this  analysis  of  1979  No  Build  corridor 
operations  and  to  present  the  detailed  results  of  the  analy¬ 
sis.  The  information  provided  by  this  analysis  served  as 
a  general  basis  for  evaluating  the  operational  effectiveness 
of  other  proposed  alternatives  for  corridor  operations  within 
East  St.  Louis  Terminal  Area. 


Working  Paper  No.  14  B,  Evaluation  of  2000  Two-Yard  Corridor  Simulation, 
March  18,  1980. 


This  working  paper  documents  the  methods  employed  in  the  analysis, 
of  corridor  operations  under  the  Two-Yard  Alternative  in  the  year 
2000  and  presents  the  results  of  the  analysis.  In  addition  to 
presenting  the  analtical  results  for  the  Two-Yard  Alternative  (Train 
performance,  segment  performance,  and  station  delays),  comparisons 
are  made  between  the  operational  performance  of  the  corridor  system 
in  the  1979  No  Build  base  case  and  the  2000  Two-Yard  case  (by  car¬ 
rier,  station  and  segment). 


Working  Paper  No.  14  C,  Evaluation  of  2000  No  Build  and  2000  Three-Yard 
Corridor  Simulations,  April  18,  1980. 


This  working  paper  documents  the  methods  employed  in  the  analysis 
of  corridor  operations  for  the  No  Build  and  Three-Yard  Alternatives 
in  the  year  2000  and  presents  the  results  of  the  analysis.  In 
addition  to  presenting  these  primary  analytical  results,  the  follow¬ 
ing  corridor  operational  comparisons  are  made:  1979  No  Build  vs. 

2000  No  Build;  2000  No  Build  vs.  2000  Two-Yard;  2000  No  Build  vs. 

2000  Three-Yard;  and  2000  Two-Yard  vs.  2000  Three-Yard.  (The  types 
of  analytical  results  and  resultant  comparisons  are  the  same  as  those 
for  Working  Papers  No.  14A  and  14B) .  These  types  of  comparisons  helped 
to  put  the  results  of  these  analyses  into  perspective,  by  assessing 
the  operational  performance  of  these  restructuring  alternatives  rela¬ 
tive  to  one  another  and  not  simply  in  absolute  terms. 


Working  Paper  No. 17,  Approach  to  Cost-Effectiveness  Analysis,  April  21, 
1980. 


In  order  to  fully  evaluate  the  desirability  of  the  various  restruc¬ 
turing  alternatives  the  operational  effectiveness  of  these  alterna¬ 
tives  must  be  examined  in  relation  to  the  costs  (both  operational  and 
capital)  which  must  be  borne  to  achieve  the  projected  levels  of 
effectiveness  for  each  alternative.  This  report  builds  upon  Working 
Paper  No.  5  -  Criteria  for  Evaluation,  and  Working  Pepar  No. 8  - 
Costing  Methodology;  and  describes  the  approach  employed  by  CONSAD 
to  measure  the  "Cost-Effectiveness"  of  the  several  alternatives 
under  analysis.  Specifically,  this  working  Paper  addresses  the 
following  topics:  the  identification  and  method  of  estimation  of 
relevant  costs;  measures  of  operational  effectiveness;  evaluation 
perspectives  for  cost-effectiveness  at  the  system-wide  and  component 
(yards  and  corridors)  levels;  and  the  basis  for  assigning  charges 
to  individual  operationsl  entities  (i.e.;  line-haul  carriers,  terminal 
and  switching  companies,  etc.)  Additionally,  a  hypothetical  example 
of  the  allocation  of  these  terminal  costs  is  provided  in  an  appendix. 

Working  Paper  No.  18,  Approach  to  the  Estimation  of  Reliability,  June  2,  1980. 

Reliability  of  service  is  an  important  measure  of  railroad  operational 
effectiveness,  and  has  been  noted  by  shippers  and  receivers  as  a 
major  factor  in  determing  modal  choice.  Because  of  this,  it  was 
necessary  to  develop  estimates  of  the  level  of  service  reliability 
that  could  be  expected  under  the  operating  plans  associated  with  each 
of  the  restructuring  alternatives  under  study.  This  working  paper 
describes  the  analytic  approach  employed  by  CONSAD  in  the  estimation 


of  the  reliability  of  traffic  movements  through  the  St.  Louis 
Gateway.  Included  in  this  description  are:  an  outline  of  the 
specific  procedures  followed  in  the  analysis;  the  type(s)  of  in¬ 
formation  input  to  the  analysis;  and  the  general  form  and  content 
of  the  results  derived  from  the  analysis. 


Working  Paper  No.  19,  Analysis  of  Operations  in  the  Proposed  Common 

TOFC/COFC  Facility  for  the  Year  2000,  September  2,  1980. 

The  purpose  of  this  working  paper  was  to  present  CONSAD's  operational 
analysis  of  the  proposed  intermodal  terminal  facility  with  respect 
to  its  particular  functions,  traffic  base,  and  available  resources. 

An  introduction.  Section  1  of  the  report,  generally  describes  the 
need  for  a  facility  of  this  type  within  the  Terminal  Area  and  lists 
the  major  functions  that  would  be  performed  by  the  proposed  facility. 

In  Section  2  of  this  report,  the  basic  methodologies  employed  in  the 
operational  analysis,  the  analytical  bases  thereof,  and  the  related 
analytical  assumptions  are  described.  The  summarized  results  of  the 
analysis  are  provided  in  Section  3  and  serve  as  the  basis  on  which 
the  operational  effectiveness  of  the  proposed  facility  is  evaluated. 

In  Section  4  of  the  report,  an  attempt  is  made  to  conceptualize 
the  results  of  the  analysis,  deriving  specific  conclusions  and  making 
appropriate  recommendations. 

Working  Paper  No.  20,  Analysis  of  the  Feasibility  of  Three-Yard  Bidirectional 

Operations ,  August  29,  1980. 

Throughout  the  Phase  II  Study,  the  operational  alternatives  being 
considered  in  the  railroad  gateway  restructuring  plan  had  be  .n  predica¬ 
ted  on. a  directional  concept  of  operations.  However,  during  the  course 
of  the  study,  several  serious  questions,  concerning  the  overall  effec¬ 
tiveness  of  operations  under  the  directional  concept,  were  raised. 

The  RTAC  suggested  that  bidirectional  operations  might  alleviate 
these  concerns,  and  asked  if  the  physical  facilities  planned  for 
the  Three-Yard  Directional  Alternative  would  be  suitable  for  bidirec¬ 
tional  operations.  In  order,  to  help  answer  this  question,  CONSAD 
undertook  a  general  analysis  of  anticipated  bidirectional  yard  and 
corridor  operations  under  the  Three-Yard  Alternative,  since  this 
alternative  would  result  in  the  most  significant  alterations  to  the 
traffic  operations,  and  facilities  within  the  Gateway.  This  working 
paper  describes  the  analytical  methods  utilized  to  estimate  yard 
and  corridor  traffic  loadings  under  bidirectional  operations, 
presents  the  results  of  this  analysis,  and  compares  these  results 
with  those  of  the  previous  operations  analysis  for  the  Three-Yard 
Directional  Alternative.  This  provided  the  basis  for  making  mean¬ 
ingful  estimates  as  to  what  the  specific  operational  characteristics 
might  be  in  the  case  of  the  Three-Yard  Bidirectional  Alternative. 


Working  Paper  No.  21,  Revised  Analysis  of  Common  TOFC  Operations 
October  3,  1980. 

After  a  review  of  the  results  of  the  operations  analysis  for  the 
proposed  TOFC  facility  (Working  Paper  No.  19)  by  the  TAC  and  other 
parties  involved  in  the  restructuring  effort,  several  suggestions 
regarding  facility  design  and  operations  arose  and  subsequently 
resulted  In  a  revised  design/configuration  for  this  facility. 

This  working  paper  presents  CONSAD Ts  revision  of  its  original  analy¬ 
sis  of  TOFC  operations  to  reflect  the  facility  changes  incorporated 
into  the  modified  TOFC  design.  The  analytic  methodologies  employed 
and  the  general  form  and  content  of  the  results  presented  for  this 
re-evaluation  of  TOFC  operations  are  the  same  as  those  previously 
described  in  Working  Paper  No.  19. 


Working  Paper  No. 22,  Reexamination  of  Secondary  Operating  Issues,  October 

3,  1980. 

Because  of  the  availibility  of  new  information  resulting  from  the 
detailed  operations  analyses  and  the  issues  which  were  raised  in 
light  of  this  information,  CONSAD  reexamined  the  major  secondary 
operating  issues  which  it  had  previously  analyzed  and  presented 
in  Working  Paper  No.  9.  The  purpose  of  this  working  paper  is  to 
present  further  relevant  information  and  analyses  concerned  with 
these  issues,  so  as  to  enable  the  participants  in  the  study  to 
proceed  toward  conclusions  regarding  facility  designs.  In  this 
working  paper,  seven  major  issues  of  concern  are  specifically 
addressed,  and  these  are:  centralized  traffic  control;  paper  and 
data  flow;  car  repair;  road  locomotive  servicing  and  repair; 
switch  power  servicing  requirements;  crew  support  activities;  and 
trackage  rights. 

Working  Paper  No.  23,  Analysis  of  Operations  in  Bidirectional  Three-Yard 

Gateway  and  New  Yards  for  the  Year  2000,  November  3,  1980. 

In  addition  to  the  general  analysis  of  bidirectional  operations  with¬ 
in  the  Terminal  Area  (Working  Paper  No.  20),  CONSAD  performed  a  more 
detailed  simulation  and  analysis  of  bidirectional  yard  operations. 

This  working  paper  documents  the  methodologies  employed  in  the  analysis 
of  operations  in  Three-Yard  Bidirectional  Gateway  and  New  Yards  for 
the  year  2000  and  presents  the  results  of  these  analyses.  Based  on 
these  results,  relevant  comparisons  are  made  between  the  performance 
of  the  directional  and  bidirectional  operating  plans  for  yard  con¬ 
figurations  in  relation  to  their  traffic  bases.  Of  particular 
interest  here,  is  the  relative  operational  effectiveness  of  the 
two-directional  yard  configurations  under  a  bidirectional  traffic 
load. 


Special  Report,  Report  on  the  Operational  Analysis  of  Alternative  Designs 
For  Gateway  Yard,  April  18,  1980. 


Due  to  serious  questions  regarding  the  operational  feasibility  of 
the  original  plan  for  the  expansion  of  the  Alton  and  Southern's 
Gateway  Yard,  CONSAD  was  commissioned  by  the  Illinois  Department  of 
Transportation  to  perform  an  expeditious  analysis  of  potential  oper¬ 
ations  in  several  proposed  alternatives  for  the  redesign  of  Gateway 
Yard.  This  report  documents  the  methods  of  analysis  employed  for  the 
purpose  of  evaluating  operations  under  the  various  yard  design  altern¬ 
atives  and  presents  the  summary  results  of  the  analysis.  These 
results  served  as  general  indicators  of  the  relative  operational 
effectiveness  of  each  alternative  configuration  for  Gateway  Yard. 


Memorandum  re:  Mississippi  River  Bridges,  April  23,  1980. 


This  memorandum  addresses  the  operational  adequacy  of  the  area’s 
two  existing  railroad  river  bridges  (Mac  Arthur  Bridge  and  McKinley 

Bridge)  when  functioning  under  projected  year  2000  traffic  levels. 
The  memorandum  presented  data  concerned  with  estimated  bridge  delays 
and  transit  times;  and  ultimately  resulted  in  a  decision  by  the 
Railroad  Technical  Advisory  Committee  to  consider  the  McKinley 
Bridge  as  a  part  of  the  terminal  corridor  system,  leaving  open  the 
possibility  of  the  construction  of  a  new  bridge  at  some  time  in 
the  future. 
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APPENDIX  B:  Classification  Yard  Detention  Time 


In  this  appendix,  20  series  of  tables,  providing  information  on 
detention  times  for  each  year/alternative/yard  combination  analyzed, 
are  presented.  Each  series  is  composed  of  six  tables,  showing  total 
detention  time  and  its  element,  in  both  aggregate  car-hours  and  car- 
hours  per  car,  for:  Inbound  Roads;  Outbound  Roads;  Inbound  Trains; 
Outbound  Trains;  Outbound  Classifications;  and  Time  of  Day  Intervals.* 
Yard  totals  and  averages  are  also  presented  in  the  last  line  of  each 
table . 

A  complete  discussion  of  the  yard  simulation  and  analysis  process, 
including  specific  definitions  of  detention  time  and  its  various  ele¬ 
ments,  has  been  presented  in  Section  3.3.1,  Yard  Operations. 


*The  inbound  and  outbound  roads  identified  here  are  those  which 
physically  carried  the  cars  in  or  out  of  the  yard  and  do  not  neces¬ 
sarily  imply  car  ownership,  especially  in  the  case  of  the  three  switch 
carriers  (A&S,  TRRA,  and  New  Yard).  Time  of  Day  Intervals  correspond 
to  the  following  time  periods : 
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1979  No  Build  Gateway  Yard 
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B.2  Detention  Time  for  1985  No  Build  Gateway  Yard  By: 
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1985  No  Build  Gateway  Yard _ _ 

Aggregate  Car  Hours 7 Average  Car  Hours/Car 
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1985  No  Build  Gateway  Yard 

Aggregate  Car  Hours  f  Average  Car  Hours/Car 
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2000  No  Build  Gateway  Yard 

Aggregate  Car  Hours 7  Average  Car  Hours/Car 
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— 2000  No  Build  Gateway  Yard  _ 

Aggregate  Car  Hours  /  Average  Car  Hours/Car 
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B.4  Detention  Time  for  1985  Two-Yard  Directional  Gateway  Yard  By: 


Inbound  Road 


Outbound  Road 


Inbound  Train 


Outbound  Train 


Outbound  Classification 


Time  of  Day  Interval 
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1985  Two-Yard  Directional  Gateway  Yard 

Aggregate  Car  Hours  7  Average  Car  Hours/Car 
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1985  Two-Yard  Directional  Gateway  Yard 
Aggregate  Car  Hours 7 Average  Car  Hours/Car 


03  ^  'rncO'  cnin>s3  s3  mm 


o  m  r>rvs3  rv  nr  coco  co-— irs 

y-H  y-h  y-Hy-hy-H  y-H  CNy-H  y-H  y-H  y— 1  y— I 


T-io  T^r-rTsTr^in'or^aj 


co©  c''itNs3rss3«TC\irsmm 
m  in  <nn<Tr)rrc'4'f 


Coin  C3-'rY-HininCO©rj©m 
m  'T  cocorsCOHrc-jY-icomco 

rtH  Y-H 


>0  com©  cn  >003  co  o>  ©  rs 
m  m  mm*r  m  mmm  m  mm 


c  j  m  mmcN  i-t  cny-h  cm  y-h  m  r-4 


—<  ©  cor-j-orvooco  coiner 

©  o>  com© co -<r mm  03 coco 
r>  ©  mcs  rs  ©  y-hco  <r  in  ©  m 
so  ro  >o©  r-j  co  *r  co  m  in  u*j 
rs  min  y-h  m  y-h  cj  >o  in 

Y— l  Y-H  U"3 


in  co  oco  t  cm  com  ■•t  in  ©  co 


Y-H  Y— t  S3S3  S3  >-h  —hy-h  rs  Y— »  lj3  O 

rs  mr-jrs  m  ^s«rs3  r-j  ros3 

Y-H  Y-H  "T  CM  Y-H  c-4  U3 

y-h  r-j 


<r  co  mcNs3s3m03Co  th©cn 

m<ico'roii3  hhco  «r  m  ©  S3 
in  S3  s3©r-j  s3in©  -sin*J" 
sClmnYH-Om  S3  S3  y-h  03 

»r  Y-tY-im  yh  m 


yt  m  mcomm  Y-imm  S3  coco 

<r  S3  r^r-jrs. mmoco  ininm 
in  m  min’-'iuoYrr-jaommrs. 
m  r-4  cdytcd  s3  smn  -h  -hhs3 
CD  CNC-4  <Trtrt  Y-s  m  S3 

rs 

in  oo  in  co  m  <r  y-iys  r  s  r-4  m  co 

r-j  rs  co  so  co  rj  mco  cd  m  -«r  <r 
o  n  Yj-cr-j  in  cds3 ■T'TMm 
cn  *s  r-jco  rs  m  m  in  m  -hh  00 

m  Y— I  CN  Y-H  Y-l 


m  tr  Y-HS3CO  ©  m^r  ©  *r  moo 


co  s3  cor-jrs  >0  <rMT  ss m  y-h 
co  m  ytcoc-j  cjy-y  m  yt  y-h  cn 

y-H  y-H  S3 


m  m  «r  r-j  co  *5-  couo  uo  hh  m  © 
in  in  cnco rs nnmtys-’tyh 
o  mm  S3  y-h  Y-nm  cn 

m 


cc 

33  03  3  uC  t— 

co  3r  o3roc:2:u_Ci:i3  0Lc:o 

<X  SH  £h  ©  C_>  _J  2333  2:03  1—1— 


B.  26 


cs  rv  ca  UD  ss  <r  eg  u~  eg  co  bD  eg  ro  o  —i  o  — i  —*  eg  co  bD  o  o-  ro  o  r-'  rv.  -o  cr-  —i 


«r  cd  uo  uoro  o  co  -13  33  cs  -<y  S3  o  co  o-o  <iiscmitcdon^ •  -*3-  e-.  uo  cd  iv  K3  ro 

— ' 1— i  i—i  — t  i—i  e g  — t  i— *  —  — i  i—i  i-H  e-4  i—i  C*4 1“ 4  i—i  i—i  i—i  i—i  0 -4  i—i  0-4  i—i  i—i  i—i  i—i  —  i—i  e- 4 


cor^  ut  rDro'O  inor^rsoiiNN'H  i^«r  03  -"T  cr-ro  UD-'rO'O'OCDrocobD'O 


i— 1  i—1  i-H  i—1  i—i  i—1  i—1  i—l  i— 1  i—l  ^3  — H 


M1TN  — iCDI'''  O^G'!!’K10'<TIj'VC  iTTiO  CD  COCO  -43  S3  UD  T-4  -43  ->T  fO  O'  CO  -C  ro 
>T<TM'rM'<rir,TNirT«M<TiriTirroMMniriT'C,T'r^-'r<r^'M<T 


-ooo.rvoi-^'C'T  — —  >rr-i-ii-iCC'T-ifC)Ti>o<Tory:i>.riir,5'ij")fCiii'T 
'OCor^'d'ororvr^ocoor^cDi-ii-'CDincDCDO'Oi-iocN-HvO'crvioo-iorii 


CM  111  CD  O  O  o  <T  UD  *T  O  C\i  bD  O  bD  O  O'  O  !'•'  —i  rO  O  I''.  O  CMD3  bD  -43  O  O  l“0  r*3  CD 
ro  *t  eg  ro  eg  cm  uo  f*3  eg  ^  *5-  eg  ro  in  eg  in  o  in  ro  «3-  eg  uo  eg  *5-  cn  uo  ro  rv  ro  in  in 


u_j  <T<Ti-i  r-4 ud w  --o  i-i  eg eg in  -t  ro  o r-4 ud  ro  r-4  o 


00  o  000 


Oo  o  o o  o 


00  o  ro i-o i-<  r-4  ■'tud'O  eg  00 r-4  -olii 0-  o  ro  1-1  —t  uo n cd o  o r-4 ro cr-  *0  >o 


r-4  ^  cn  cso-  <!  rv  cn cd  r4  r-4  — 1  o  r-v  co  r-4 -o  r^.  1-1  ud o  ro  r-4  Ki md  o-  eg  io  >0  i-i  O'  -o 

cn  co  uo  cd  m  <r  u'4  ic  co  cc  co  o  cio  md  143  co  rg  iO  o  cd  o  r  4  o  r-4  i4D  i4"j  r-4  *5- 

n  nd  o-  co  ic  rg  ud  pn  cc  ir  rg  co  <j  — 1  ro  'O  r-4 r\  rg  rv  ro  ro  rg  rri  o-  o  id 

eg  i—i  1—1 1—1  i—i  1—1  r  g  — 1 1—1 1—1 1—1 1—1  rg  1— '  1—1 1—1 1—1  r  g  ▼— 1 1— 1  1—1 


oro-<rcor)TO'N'0  0-<TOooDrgis-?'’-iKiii3o  —iroroo'r''->rcDOuDbD 


ro  «r  <r  ro  o  ud  so  1—  cd  cd  ro  uo  ud  -<5-  o  ud  e-.  co  o  cn  o  -<1  ro  ud  rg  rg  'O 
rg ud co s3 i-a ro t-  ud ro o  ud  1-1  rg -43  iHror'iHM'O  roiD'O-imgsri'^  esn 

*— ■ 1  t-H  1  T-H  ▼— <  rH 


oin*TO'CDODuDrg^TD>  g3miDOO'rgg3iiDrsrHfor'Orsnrgg3COiiDisO' 


cDr0'00'O'003,riiD!.3rc!'CMo-4*TM'C0'O'0C0n'aa3'0'TiroiHr'O 
CO  r-4  UD  O'  CD  CD  vO  *T  >0  *=■  rg  03  bD  1-1  143  O'  O'  UD  -T  bD  O'  <T  CD  03  I''  O  1-1  ro  -43  ro  -i  r-4 
g3ro<r<riir-4ir'OiH<r(<!tor4ir’HirtDi-H  -i-iT-ir<iMr'iiHg3(Drcicgr4-i 


bDUDrgO'^rcDor'— i-irNO'N3CDrDOirO'0-Trg'OOi-'C3i-irgiro30'rg<r 


CD'^-r"0r*3O«rrD'0om0'0'ri3CD— irgcDcobDcorDrNbDnmrgOi-irgbD'O 
'oror'-^coo  eg  r^«g-r3CD  rg  o-i-i  r*3i-ir*3bDorDr"r  rg  cocD-'TOCor'OO'ig- 
0'Ooa3rgcors'i-i*rc3r'r'bDO'^“o<rr<Di-i-q-rg  cor-'r'.—icj'UDTUDroro 


i-iOoocDOcobD'OCDriD'Orgo^rrgcDUDriDoororgcriooor'OLrjroo 

ro  co  i-i  -c  «r  O'  o  cd  ud  •<:  -g3  i-i  ro  -«t  co  o  rg  o  rg  -<r  ud  rg  r-4  o  o  rg  rg  1-1  ud  eg  i— i 
'OC3i7“'OOi— lOUDOO  — h  bD  r-4  i—i  NMih  O.  -^-riDODCDi— i-^Ci— ‘UDOPiDi-iNcg'C 
<rMi> oro  i— i  ud  ud  i— i  ■'r  ro  rg  rg  ro  -cud  h-h  iregro  o  r-4  ud  i-«  cd  — • 


rg  o<r  i-i  rocco  ^  o  00000  rgocno  ud  mo  o 


o co  o  <r o <r  o  ■<! o  c*  o  o o ro  1-1  o rg m  ud  rg  iidhoonowooo 
ro  *rrg  r-4-r-iCD  ud  — 11-1  rg  1-1  -*r  i-i 


o  -<r  eg  o  t-i  ud  cd  <r  r ;  ud  rg  <r  i-i  o  co  ud  m  ro  o  <1  rg  ro  ud  s:i  ro  i-i  co  ro cd 
<r  o  rg  rg^  io  o  ud  <r  o  o  o  o  o  ro  oco  ■^-i-i-o'«rroo3CD'or-4»rr'r'i4D'org 

rH  ^  iH  rH 


rg  1-1  rg  13- -o  —I  ro  r-4  o  — ■  m  ud  o  i-i  ro  uo  — 1  rg  ro  143  ro  ud  ro  ud  o  ud  rg -<2  cd  o 
000000000  —  -11-11-1  eg  eg  ego  00  —  oo^  000000000— 1 

UDC^  CO  COODCD  CD  CD  C-4  C .  C-4  C  4  C  4  C-4  C  J  C-4  S3  CD  CD  CD  CD  CD  CD  CD  CD  CD  CD  CD  CD  CD  CD  CD 
!  I  I  I  I  e4e4liD'0'C'C</s3<ig3<ig3r'Cr<IUOuiDDCSDrX2;Du. 


.3.27 


1985  Two-Yard  Directional  Gateway  Yard 

Aggregate  Car  Hours  /  Average  Car  Hours/Car 
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1985  Two-Yard  Directional  Gateway  Yard 

Aggregate  Car  Hours 7  Average  Car  Hours/Car 
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1985  Two-Yard  Directional  Gateway  Yard 

Aggregate  Car  Hours 7  Average  Car  Hours/Car 
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1985  Two-Yard  Directional  Gateway  Yard _ 

Aggregate  Car  Hours /  Average  Car  Hours/Car 
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1985  Two-Yard  Directional  Gateway  Yard 

Aggregate  Car  Hours 7  Average  Car  Hours/Car 
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B.5  Detention  Time  for  2000  Two-Yard  Directional  Gateway  Yard  By 
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2000  Two-Yard  Directional  Gateway  Yard 

Aggregate  Car  Hours  7  Average  Car  Hours/Car 
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2000  Two-Yard  Directional  Gateway  Yard 

Aggregate  Car  Hours  - 7 -  Average  Car  Hours/Car 
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2000  Two-Yard  Directional  Gateway  Yard 

Aggregate  Car  Hours /  Average  Car  Hours/Car 
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2000  Two-Yard  Directional  Gateway  Yard 


iri'TNrtO-ljTNw-O-fC'OO' 


■— ^0-■■OCOr'.'OV3mCOC^O■-Or'-. 
C-4  C-4  ■*~1  -r— i  t-h  C-4  ■»— t  t  t  —■ <  *— < 


cs  c 4  cd  o  o-  ©  t-i  c-4  rv.  co  m  — * 


I'OLO'OCJO 

<r^rr!'rtr<r-,=r<r<r'^TO'«T<r 


NCMX)<roomoi>-0'TOin 

THONOO'CaOMNrsCsNCD 


o  r-4  c-4  m  «t  c-4  co  m  —i  '-o  m.  m  © 

m  in  <r  c-4  in  m  ro  <5  -r  in  <r  <r 


h  o-  in  -^h  c-4  <y  ro 

-h  OOOO’-I  — I  00 


CNOCOCC'O-'  CN  C4  ,-n  *T|n  "T  CO  C-4 

o-  c-4 -»-i in  in  c-4  <; o- ca  m  o~ •<-* -o 
«rr-4rv.cocoo-*:rr^cxio.rv^'i>- 
••rmO'Oo  ■cr<ruT-<4'^‘'^T<iT-( 
C'4  C-4  T-"l  •r~ t  ■*—*  C-4  'r”*  -1 — '  "> — '  H  t-H  © 

rv 

iNO-'Orj  o  roroco  <r  cdi>c-j 

<r  ui  c-4  ro  -r-i  o  -o  tc  cs  ck  Cvi  Cv 
OrtlilO'O'TCSN'OlimNH 

t-H  t-H  t-H  t-H 

«T 


C-4^f'0'0<lT-(insDOC0CDlJTO 


(T!  ro  CD  O  C-4  U1  CT  CD  O  rv  (V.  cs -r-( 
N'QTOlrH'jTOinC'J<TOM(>> 
rr  -C-  C-4  m  tiD  K3  "5-  C-4  -T  ro  -h  ro  (\ 

in 


coo-r-^-rincvicDCorDO-hoco 


NrtO'TOrtNthO'mT-cO'O 
MTO"00  0»-'r-i-HrtCOSDliT 
I'D  C-4  "T  CN  ©  C-4  in  CD  X  O  C-4  in  -r-i 

Hfl  -HH  M 

ro 

C4'OCS00.1DNO’-iC-40f-4CN 

-rrcDOCDi-iorDO'C-roMCv 
^'ON-<rNi>-0'C4rsmn'0  0 
<TKlC4C-4r*l<TC-l<T«^  4T>  NO 

in 


mo  in  ro  x  od  x 

o-CDOoooo-o'rmoo-r-H 
—h  o  mom  x 

- — <  t  1— <  ■*— )  C-4 


*r-r-^-M-r-i^-HCNrri-r-<aDO-^-iro 
t— t  -O  CN  -• — t  m  CD  -O  Cn  t-O  CO  — h 

t-H  t-H  tH  t-H 

n 


roroLn*r-Hrou"jrvC>»^-iro^Hrvi<z 

oooooooo-'-^r-Jpvh- 

OCDOCDCDLDCDCDCDCDCDLDO 

D>33XXXXXXXX>0— 


B .  38 


^H^H^,^-.voij-3coLi'n'0*rTiv>CDCO*Tr^.mor^',5-'00rr)0--r^-^-c5rcr!0'-tcc,j*; 


«rn*rcnnrj'©cpr''.orjLiTCPCor4nTn— 4CPn.n'orp.-'rrMCPonincp-n 

— '  C J  *—*  ' — t  T— t  CJ  r~*  —I  i— t  C 4  t— t  CJ  — '  —I  C  J  —I  “I  1“H  — 1  ■*— *  i— t  C -4  ■*— t  •—  —4  f— !  -4-4  — I  —4  4— 4  ■» — .  —4 


CD'Cro-'O  r  j  - — i  co  im  cj  o  --o  im  r'-incj-^'OUTO-'rjcp 

CJ  OT4  -r-1  C-4  CJ  — 4  ©  CM  C J  C-4  -J  -r-i  CM  — i  C  J  ©  —4  C-4  C-4  — 4 


<1  n-  co  "T  -r  O'  ©N't  ■— icpCP-«T'0'-ooco''T-'r'OTCP-r-<rjiiTO"<>o-'-G-H4—.cj 
n  43-  cj  t  C-4  in  n  n  in  n  «r  n  «r  «r  n  rj  n  n  r- 4  n  cj  in  n-  n  t  «j-  cj  c-i  n  n  t 


■o  cj  p^nrj  o  —4ncp-  rj  rjrjtn  co  rvorpn  ©cp  cj  "T  ©0-.--4  in  imi/tim  n  mco 

in*3'nCPnncDOrp.©nincpCp4-4ninTno-T-'rrpCoinao-4rj''rrMrjn 


©  n  —in  vo  —4  mo  cp  rp  m co rp  cd  pp  im  sc  n  rj  cp  n  -o  rjin  -t  —i  tnco  rj  co  cp  —4 
«m  innin  ■'rnn-cj  rjn-  43-  pt  nmn  nnr-4  «r  m  -^-nn  n  rjrjn  cm  rjn 


—i  in  cjutt  m—irjrpn  cprjvoin  i?-  n  pout  r-4  o-^utnO'CcjO’-'  rjn- 


oo 


o 


*3-  cp  n-ouT  --o  pp.r-4  c-i’-ioo-q-Qrt'omninCNinr-JO'O'C'O-'r'OTN'm 


m  m  co  m  r  j  •'r  co  o  ©  pd  -<r  o  r  j  n  ©  c  j  rp  co  r\  im  c  j  —  n-  m  n  co  -r  im  o  rp  m 
in  —i  -taco's-  rp  rjnco  -■-<  inm©  n-  cpom ©  -t-pOpp  cp  cjut—  n  moo-— cp  cmpo 
HC-l-O'Qr-iM-irirt'QOTT’HO-'O-OO'NCMDPIrtNO'rnM'OCpNn 
'-4  C-4  —4  '-J  —4  C-4  —I  —4  r-4  T-H  C-4  1  C-4  44H  —I  4 — l  4-4  -r-4  4—4  4—4  — I 


c-4  o  cncn  c-4  co  n  im  c-4  c-4  ■'r  r-4  o  r-4  iiT  r-4  t-i  r-4  po -th  cpco'Oocor-i<T- 


'CO 


»T'OT-'mo>-i<rT-imO'Nr-iNOcoopiropiO'0'iiTo-H'or4C4T4ijTiiTCD<r 
'OUTOliT  n -4 —4  PM  4-4 -o --O  4-4  |\CNO'-i'-i'-'OPT  Ps© —4  nCP—irj -repp 


iiTOo<H'CCN^ip'NP'TH'00''0<TCDijTC0'0C0r-4CPrar4'0no'acii'0np0 


C4T-4'00'Pip'PCi'OOonr'4rvoi>-<3'ONo-iO'CDr40'Omr4CK<TOP) 

cp-  r  4  c  4  o  vo  im  po  o  c-4  Lit  n -o  pt  r-4  o  r-4  cj  pt  t-i  m  rv.  *r  <r '-i  n-  — i  nd  o o  r-4  co 
cj  n-  -r-in-n  -^h  'orjcj  -o  pr^r-4 ut  «r  -r-ir-4 rjc-4  ’-■rj  nn-rj  n- n-r-i-—  cj  — 4n 


COfMOCNbTOCPPTCP-O'POCD'-OPTCOPOOOvOn-IMLTCOOrMCOCDfMCJorjO- 


wN  TrvpvMNOmrs  rt'HC4C4[von0  4r  MT-i-q-  rjNin  ’H<r-4Cp-^-  nm 
'0'0'<j>0'OCPCjuTcjoc'.'Orp.cjpnPT'<iocp-*rro<:rcorM<i'-ipoc>"-icDCom 
«TIT'-iODC4P'0<lbTrTC-4V'0'^O^CjntHljTP4CJTCapnP'0'  CJ  M-  <r  PO 
^r-1  tH  t— «  -H  tH  y—i 


*t  cj  fM  pv  r  j  po  o-  ut  o  cm  o-  -<3  cj  pt  co  pt  pt  r-i  pt  co  pt  m  <r  r\  c-4  rj  Cv  rj  -r-i 


MTpnnP'CPO'r4'OP'OOrHJ3cjrj<T,prj'On*4rs<r'orpoor4pnp.<T 
r-4— 'CjoonmijTCNCP-^'OnPTmijT'OPTon-^r'Ocon-T-uToomcnocD 
n  pt  cjprn-  r-4-<rr-4-r-4  ut  r-iTPiTn  rj  — 4  r j  cj  ■— i  n  r-4  n  cj  cj  cj— >  — i  — <cj 


o  'onoNiiT'OOLT r-jt-ocNMN  O'om-r-tTrMrj— 4  pp  co  "r  •— >  im  n 


P'&-mO'P'NO'rjcP'Hi,TO'C-(oinooPTo«rP'  tr  co  in  po  co  ■— itoco- < 

M-  <rroCJ  — 4«q-<rrp  —  n-pOn  cjcjcj— i  «r  4?-  t  — i  «r 


P4  J^cnc  rHfp.porsdijT'QTH4rcp4r'OOTOO'rsO'CDC-j'rO'OP"CCPcj 
mcp'rO'CD'OC4<i'OC-(coCPN-HCD'4-<rP"OijTrN’-''Oi>p'COciP4<3''OPr;0' 


rH  in  POliT  -r-4  '-J  PC  «T  — 1  — 4  PO '-J  PO  -rt  ^  C-4  CO  m  O  00  CJ  C  4  — i  PO  UT  —in  Pv  CP  —4  C  4 —< 
OOOOIMO-CPOOOOCPCPOOOOOn-O— 1OOOOOOOO—1OO 

i  i  i  i  ■'T  n- TCjpvr  rr-q-n- utppcp©  cjcjcoco  o _ s _ i _ i  2i  3m3rs:  ii.cs: 

nnUTUTljJLULUCDCOtOCOCDCOCOCDCOtnCOCOtOOOCOOCOCOtOCOCDCOCDCO 


B .  39 


o  -m  c-4  in  Cn  in  cn  h  o  c-4  in  cc  c-4  m  ro  th  i-t cn  o 


’H'fOOfi^-N'^’r'O'cnmrjr'jMrtinMv 

C  4  i — i  C-4  C-4  C-4  C *4  i— t  -—- 1  C-J  •»— i  i— t  t— t  t— i  i—i  C-4 1—t  C-4  1— 1  C -4  i— i 


iiim*Hi>.nn’-ia3'-'f^MoooNNCs  cn— i 
C'J  —i  C4  i—i  i—i  i—i  i—i  CM  C4  —I  —H  C-4  O  1—1 1—1 


liTOM'OCOOOljTCMnli'D  — OO-OCNCO  CSi-iO 
r-4  m  in  c-4  -«r  m  *r  in  m  m  m  <r  m  c-4  ro  <r  m  -<r 


c  — t cm m cn  M3c-4in  cn  i-i-om  cn  ■— i«tCn  cn  -<Tin 

-inOiMr^MNimin'O'rO'CjMii'iOirixiiii 


i-i  cd  —1  cm  in  "T  m  m  m  cn  co  cn  m  -o  cn  in  c-4  o  o 
"3-  m  mt  m  <r  -*rin  in  "3-  ro  «r-c-4  "T  «r  m  c-4  in  in  -a"  t 


'rrj'TKlNM^rtMCDli'3HrtOMr4t''ln'OM 


o  cn  cd  “J  m  ro  m  fv  rs.  ut  cn  m  o  r-4  rv  r-4 

in  cn  Cn  m  m3  cn  oom  sdcdocn— i  o  m  in  ^ ~-o 
OrtN^nn'OHDND-iMO^CSOrj'OCN 
Cn  Cn  — i  O'  O'  — i  m3  i— i  m  Cn  C3  Cn  O'  i— i  03  M3  'O  in  M3 1— i 
CM  C 4  m  i—i  i—t  C-4  —1  i—i  —1  —i  —1  —1  —i  o 

Cn 

r4-i'OoonrNCNnrsii3r4No,;roD'-i  on 


CCCDCaT-OO-N-iMjTNiHWOO-iNonN. 
o—n-iir!C'4«rcNvoi-ir-4  0— iOcn'T—i'O  i-i—i 

■»— 1  t-H  t-^  t-H  *—i  t-H  *T 

•T 


con-Oi-ion<iT4CDf4'CCN»ooP)C40noo 

'or4MCO'mMiTr-4'0^ncoo,ccciO(DN'H 
Oi-iNiHr-jiH'Orv’-iMO'Pv’T'OCNirtNCNCocN 
—I  C  4  in  —1  -o  -o  m  r  4  Lit  m3  c-4  -h  m  r-4  —i  c-4  -h  rN 

in 


i-i'HrNiH-ia3NCDi-iM>'ir'OC'4C-4iHUTo<rr) 


CNCNU3CNOa)C4cain'Oij30',rroc-4o<i'rrO'0 
CN  CN  O  C4  O  Cn  O  C-4  i—i  C-4  C  -4  in  M3  m3  M3  CO  i—i  Cn  o  in 
"t  —I  —un  t"N  r-N  fN.  rn  m3  in  C  4  ■'?"  c-4  o  c-4  co  *1-  —i  —I 

i—i  —i  —I  i — i  —1  i—i  m 

m 

m  «r  c-4  c-4  m3  m  o  r"N  m  in  o  Cm  m  —I  o  o  —I  m3  <r  cn 

in  Cn  i—i  M3  —4  in  CNsOOin  CM  03  — i  Cn  Cn  — i  m3  -*3"  CO  Cn 
rvrN-^-«5-i~!M3Comij3o-^inc-4cncD<riMC4rM.o 
ir<TiHC-4MC-l-H'J-b3CIO 

in 


M3  UT  cn  U3  liO  <T  lio  |M- C4  rN  L0  03  C4  |Mi  C-4 1-1  rN.  co  in  Cn 


U0  O  in  C-4  O'  Cn  03  C4  m  Cm  C3 
1- 1  —1  *r  —i  C-4  C3  C-4  03 


<r  c-4  Lj"3  Cn  in  •— t 
C-4 1-1 1-1  c-4  C3Cn 
C-4 


r0tn03M3OQ3O0'ti3O'0COO— iC4m3ihOIO 
«T'0  0*rnC-4CNCNOr-iOinliTCNCOU3NO'CiH 
i—l  i—l  i—i  i—1  i—l  i—i  CN 

m 


c-4*9-i-!mi^— i-riruoccNiHiHi-ii-inu3i-ipo<i 

oooo— -  oooooo— iCnoooococoi— 
z>z>zzzzx  i  "T  ->5-  <r  *r  <r  -<r  *r  _j  ill  i  I  O 
Lootcicoo—iacctcciLicocucijcccicncncncncrji— 


B.  40 


2000  Two-Yard  Directional  Gateway  Yard 

Aggregate  Car  Hours 7 Average  Car  Hours/Car 
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2000  Two-Yard  Directional  Gateway  Yard 
Aggregate  Car  Hours  /  Average  Car  Hours/Car 
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B.6  Detention  Time  for  1985  Three-Yard  Directional  Gateway  Yard  By 


Inbound  Road 


Outbound  Road 


Inbound  Train 


Outbound  Train 


Outbound  Classification 


Time  of  Day  Interval 
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1985  Three-Yard  Directional  Gateway  Yard _ 

Aggregate  Car  Hours 7 Average  Car  Hours/Car 
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1985  Three-Yard  Directional  Gateway  Yard 
Aggregate  Car  Hours  /  Average  Car  Hours/Car 
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1985  Three-Yard  Directional  Gateway  Yard 

Aggregate  Car  Hours 7 Average  Car  Hours/Car 
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1985  Three-Yard  Directional  Gateway  Yard 
Aggregate  Car  Hours 7  Average  Car  Hours/Car 
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B.7  Detention  Time  for  2000  Three-Yard  Directional  Gateway  Yard  By: 


Inbound  Road 


Outbound  Road 


Inbound  Train 


Outbound  Train 


Outbound  Classification 


Time  of  Day  Interval 
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2000  Three-Yard  Directional  Gateway  Yard 

Aggregate  Car  Hours  7  Average  Car  Hour3/Car 
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2000  Three-Yard  Directional  Gateway  Yard _ 

Aggregate  Car  Hours 7  Average  Car  Hours/Car 
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2000  Three-Yard  Directional  Gateway  Yard 
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2000  Three-Yard  Directional  Gateway  Yard 

Aggregate  Car  Hours  7  Average  Car  Hours/Car 
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2000  Three-Yard  Directional  Gateway  Yard _ 

Aggregate  Car  Hours  7 Average  Car  Hours/Car 
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Aggregate  Car  Hours  /  Average  Car  Hours/Car 
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2000  Three-Yard  Directional  Gateway  Yard 

Aggregate  Car  Hours 7  Average  Car  Hours/Car 
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2000  Three-Yard  Directional  Gateway  Yard  _ _ 
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Average  Car  Hours/Car 


— 'O'-  O  <T  OMO> 


oo  rs 

'"S  T-«  T— 1  T— i  c- 4  0  *4 


M>0  O  CD  S3  O' 


c-jO'-o  o  roro’-i 
*t  ro  o'  t  t  o' 


MD"0'0  0'0'0 
coO'rs  co  ck  O' cn 


coO"<r  o-  osr-j 
r-iCNm  ro  Tinro 


rn'T'ifOMf'l  r-4 


r''Tro  o  oco-^ 


OCD-O  «r  O'  S3  LTJ 

ro  rv.  m  'O  ro  co 
Kir"ocscooij'j 
ccow  r''.  i\co «r 

•*— t  i — I  i — I  ■»— !  O' 

©fsCD  -O  ©Tin 


LOCOCD  O'  C'l'OLiO 
oojrtrsr"TN 

ro  in  O'  o  'O  n  o 
t-h  ro 


o  co  co  r-4  o  r-4  o 


CD  ©  O'  S3  r-4  S3  ro 

0"0r-'  cd  TO'-'O 
i— i  to  03  i — i  CO  'O  '“■* 
r-4  C  IC4  T  rOrnN 


r-jf^cs  •TiHj'rt 


O'.roiv.  ro  csiiorv 

0''fHHOM’H 
C-40'UD  O'  CD  O'  O' 

•'j-tntn  cd  corof's 
ro 

in  r-4  o-  r-4  -r-i-oLn 


cr  -i^r  O'OLiDO' 

ro  r-4  so  ©  cd  O'  o' 
TN'rinrroc 
-r-t  ->-i  r-4  ro  t  n  in 


'—i  '— ■<  co  r-'  03  'O 


oro t  0--  0'r-40 
ro  ■—»  rs  cd  r-4  0--  ro 
r-4  r-4  r-4  O' 


o-  ro  co  o-  r-j  <i  r-4 
-r-<  c->  r-4  ro  O'  o--  rs 
in  -o  rv  o  cd  ro 

-f-H  O' 


«  r-4  ro  o-  in  sn  _i 
iii  i  i  i  <r 

H-  1“  h—  h—  t—  I —  4— 
2ZZO 

I — » l— t  l — t  t — (  i — 1 1— i  h- 


E .  63 


B.8  Detention  Time  for  1985  Three-Yard  Bidirectional  Gateway  Yard  By 


Inbound  Road 


Outbound  Road 


Inbound  Train 


Outbound  Train 


Outbound  Classification 


Time  of  Day  Interval 
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1985  Three  Yard  Bidirectional  Catpwav  YarH 
Aggregate  Car  Hours  /  Average  Car  llours/Car 
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1985  Three-Yard  Bidirectional  Gateway  Yard 
Aggregate  Car  Hours 7  Average  Car  Hours/Car 
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1985  Three-Yard  Bidirectional  Ca  tewav  Yard _ 

Aggregate  Car  Hours  /  Average  Car  Hours/Car 
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1985  Three-Yard  Bidirectional  Gateway  Yard _ 

Aggregate  Car  Hours  7 Average  Car  Hours/Car 
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1985  Three-Yard  Bidirectional  Gateway  Yard 
Aggregate  Car  Hours  7  Average  Car  Hours/Car 


c-4r-4  0-or-4incQ'acQO'0-— 'Tr-vcnro-icoocDororo— I'd— 4C3-o-’-i'-aoi'';c3—4 


f'j«rr>imNrjcs'orsr<iMc  r4'«rcDinin'rr<i'OOM^oo<rinrsO'0'wOr«irt 
r-4  4-10 4  r-4  4-4  t-i-h  c-4 1-1  04  4-4  c-4  c-4  -—4  —4  -—4  —4  ,-4  4-4  r-4  c-4  r-4  04  r-i  nrH-iHH-ir-irtH 


S3  ooo  -h  co  4-1  cccD'-«or'iO'0'r:co,ro-oiN'Ocno'7-i>'T  o  -o  o 
04  -h  -^o  o  — i  ▼■h  c-i -h  c-4  r-4  cm  4-4  r-4 — .  —i  o  ono 


<rroiiocsr-i^cooocNnNO'0^r4n'0  0'TM«rr>iosD-iinfo-HCsntHNO 
r'4'T'r<TNMM<niTrl'r'TM<7"^r(Mr4NMM«TM'TWM'Tr),T'>TMf'l'rM 


oinonTmnNCDOMO'CD'HONrt'O&.oco'rro'OOs^oNNo^'OM'/iMs 

■<r  -oin  >o  *t  *ro  o©  in  in  m3  in  NwcDNsDinm-rtinM-HM^No 

■»— 4  4-4  t— 4  4—1  -I — 4  - — 4  l — 1  4—1  —“4  - — 4  C*4  rH  - — t  4 — 4  t— 1  H  - — t  4 — t  4 — 4  4—4  4—4 


—4-43co-<rooincorMrMrMCDinin'-or-4C3a3r''.or-4  0'Ocor-4©4-4-d-'rcororNCOo 
CO  C-4  C-4  C4  C-4  CM  c-4  C4  c-4  c-4  c-4  c-4  c-4  C-4  CM  C-4  C-4  C4C4MM  C-4  C-4  C-4  CM  CO  CO  C-4  C-4  C-4  CM  4— 4  C-4  C-4 


Cir-IHOCjHHrtHrt-iHrtHH  C4 -H -H M  C4  C4  M  C4  no-^  OM'CfCl  C-4  C4 

o 


— i-r-t-^cn  cd  -oinr-)'Or-ico^MO'0<rocotDo^-inoNO'r-4>5,o<TtsO'0-in 


NC-40'MMn'rin-^<iiji'5-a3  0csN(M>-roc4rsCDrMnT-4  0'«!-rvo-^'ONinc4 
-oo-ooh mboc-4 in  co  ro  ©o  coco  r-4 -a  03^0000^1-0  -i  in  in  -^-4010  o  «t 
-0-4OCD'r0-r4inrsr\-ci-HC4C0MrtOM'5-Mniiir4tn'5-’TT-(OO'Cc-4'0ijTr4 

v—t  4 — I  - 1  CO  - — 4  4—4  - — I  4 — 4  C-4  4—4  - — '  4—4  4—4  - — *  4 — 4  -r-4  - — I  - — *  4 — 4  - — *  ' — 4 


o<rcorO'C'0  in  ininror-4©--ocoroao'-oa3'OCDCocoo--oin©  cn  c-4  o 


0'Nrtr4C4  00f4  0oO'Or-4  0-caoc3iionninoO'4r4CTOno<i-o-o 
o  in-'rro  ro  <r  ou-  lo  m  -o  c-4  ca  -c  o  n  rs  d  -o  t  rn-o  cd  o  cd  o 


©  -o  r-4  ro  -<r  t  in  r-4  r-4  ©  in  co  -o  -rn  C33  in  o  ro  <r  cm  «r  o  c-i  cm  <r  t  in  ©  o  4-4  -<t  co  o  co 


4-4  C-4  CO  O'  O  0-0  CMCOOOO-^-tO-O-COO-OO-O-OO-O-OrO  C40  ■—(  o  co -o  o  o  o 
o  -oo  ro  -o-  «rro  ocooooo-^-o—4-^inoroinco-^--r-4-o-r-io-r-icM-o-«5-cooo 

C04-4— i-«r  C4C-4  «T  LH  —4  C-4  O  C  -4  C  4  HC4  M  C-4  CO  C-4  C-4  PO  «T -O" 


ro  O  CO -rl  Csl  CO -o  O -rH  o -O  r-4  O  O  O ->-1  CM  O -O  CO  «T  O  C-4 -O- O -rH  CO  O  UO -4  C^  ro  O -r-4 


o  —i  o  co  i--  o  in  in  cm  in  cm  o  in  -o  o  ro  o  ro  o  in  co  c-4  -o  -o  in  o  h  cm  in  o  cd  t  ro 
-H^rininMnoM\ooi>r4riC4N--irNCor-jcac-iNOK'T-coiniii<r<ro 
•o-in-oino-ro-orooinr-ocDcoCD  m-c- ic-400-^oc-4ouo-o-oo— 4«r  o 


O  O  r-4  CO  C-4  ~C  O  O  O  O  C-4  -O  O  -O  CO  O  UO  C-4  CO  UO  <T  C-4  O  in  y-t  «T  O  O  UO  O  CO  O  O 


c-4  o  in  cm  in  -«r  —•  co  o  o  cm  — <  c-4  o  ro  o  *-i  ©  4-4  in  o  ro  -o  o  *r  -<r  in  -o  o  o  -o  o 
o-  t— i  c-4  co  ro  c-4  c-4  iniiicoc4roroino-C4o-rNoroTO'ro-4TNC4inC4C4C4in>T 

C-4  —4  CO  C-4 -O’  C-4  rO*H4-|4J-H  4-4  T-I  4-t-r-i  CM  r-4  CM  4-1 4-4  CM  CO 


o  c-4  c-4  ro  in  c-4-o  o<rro«-4  c-4  o-oo  ror-'rcM-ocoocoor-.-o-Tin  o-o  co  r-4  o 


inro4T44oaN>-i-43roTH'Oinc4isoc4^4C4  4-4<roc4n<T  ococo  o-«3-  o  in  <r 

4—4  C-4  4—4  4—4  4—4  4—4  4—4  4—4  C-4  C-4  4—4  CM  C-4 


o<r,T4r'Ocn'0  0'Moorv«r-4-<rcccc)incoc-4-orsro'0-HO'Coororoc4r,!roc-i 
coco-^-co4-4Cv'04-40coCv4*rinoo  -ocjM-i'T-O’-trvcv  ino-o  in  co  4-4  co  c-4  4-1 

4—4  4—4  4—4  4—4  — “4  4—4 


_J  UJZli.  <IZUJC-'ZO  l*:CiCCXUJ3  0CCi:u.0Cll 

wcdu-ii-  r>ccooujujcr)cnii.^»x  uQ<njQMii.LL3:_i_i3:2cnx3m 
cnzcooo-accccctCicctcciCLcccccs^ooi— <xu_u-Ci_u_u-Ci_u_CL.a.o_u_i^.u-u.C£: 
-<riX4«4ixiiX4c_)cjoi_io<_)t_)t_jcjc_4Li_>-4r-4aD3D2:3D3C3:x:5:x:s:3:3D3:x:  sz  x: 


B.  71 


326.0  414 


1985  Three-Yard  Bidirectional  Gateway  Yard _ 

Aggregate  Car  Hours  7 Average  Car  Hours/Car 
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1985  Three-Yard  Bidirectional  Gateway  Yard _ 

Aggregate  Car  Hours  7  Average  Car  Hours/Car 
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B.9  Detention  Time  for  2000  Three-Yard  Bidirectional  Gateway  Yard  By 


Inbound  Road 


Outbound  Road 


Inbound  Train 


Outbound  Train 


Outbound  Classification 


Time  of  Day  Interval 
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2000  Three-Yard  Bidirectional  Gateway  Yard 
Aggregate  Car  Hours  - 1 -  Average  Car  Hours/Car 
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2000  Three-Yard  Bidirectional  Gateway  Yard 

Aggregate  Car  Hours  I  Average  Car  Hours/Car 
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2000  Three-Yard  Bidirectional  Gateway  Yard 

Aggregate  Car  Hours  7  Average  Car  llours/Car 
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2000  Three— Yard  Bidirectional  Gateway  Yard 
Aggregate  Car  Hours  7  Average  Car  llours/Car 
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2000  Three-Yard  Bidirectional  Gateway  Yard _  _ 

Aggregate  Car  Hours  7  Average  Car  Hours/Car 
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2000  Tlu:ce-Yard  Bidirectional  Gateway  Yard 
Aggregate  Car  Hours  - 1  Average  Car  Hours/Car 
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B.10  Detention  Time  for  1979  No  Build  Madison  Yard  By: 


Inbound  Road 


Outbound  Road 


Inbound  Train 


Outbound  Train 


Outbound  Classification 


Time  of  Day  Interval 
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1979  No  Build  Madison  Yard 
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1979  No  Build  Madison  Yard 
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1979  No  Build  Madison  Yard 
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1979  No  Build  Madison  Yard 

Aggregate  Car  Hours 7  Average  Car  Hours/Car 
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1979  No  Build  Madison  Yard _ _ 

Aggregate  Car  Hours  7  Average  Car  llours/Car 
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B.ll  Detention  Time  for  1985  No  Build  Madison  Yard  By 
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1985  No  Build  Madison  Yard 


B .  92 


1985  No  Build  Madison  Yard 


1985  No  Build  Madison  Yard 

Aggregate  Car  Hours j  Average  Car  Hours/Car 
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2000  No  Build  Madison  Yard 
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2000  No  Build  Madison  Yard 


2000  No  Bui]d  Madison  Yard 
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1985  Two-Yard  Directional  Madison  Yard 
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_ 1985  Two-Yard  Directional  Madison  Yard _ 

Aggregate  Car  Hours 7  Average  Car  Hours/Car 
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1985  Two-Yard  Directional  Madison  Yard _ 

Aggregate  Car  Hours 7 Average  Car  Hours/Car 
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B.14  Detention  Time  for  2000  Two-Yard  Directional  Madison  Yard  By 


Inbound  Road 


Outbound  Road 


Inbound  Train 


Outbound  Train 


Outbound  Classification 


Time  of  Day  Interval 
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2000  Two-Yard  Directional  Madison  Yard _ 

Aggregate  Car  Hours  7  Average  Car  llours/Car 
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2000  Two-Yard  Directional  Madison  Yard 
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2000  Two-Yard  Directional  Madison  Yard 
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2000  Two-Yard  Directional  Madison  Yard 
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2000  Two-Yard  Directional  Madison  Yard 


2000  Two-Yard  Directional  Madison  Yard 
Aggregate  Car  Hours 7  Average  Car  Hours/Car 
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2000  Two-Yard  Directional  Madison  Yard 
Aggregate  Car  Hours  /  Average  Car  llours/Car 
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B.15  Detention  Time  for  1985  Three-Yard  Directional/Bidirectional 
Madison  Yard  By: 
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1985  Three-Yard  Directional  /Bidirectional  Madison  Yard _ 

Aggregate  Car  Hours  7  Average  Car  Hours/Car 
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1985  Tlirco-Yard  Directional  /Bidirectional  Mndlson  Yard _ 

Aggregate  Cur  llouru  j  Average  Car  llouru/Car 


incDUTr-jO"0«Tr-4nr^*T'q*co£>'rv.M'0'0*rr^--ci— i-r-<cotNrv 


con-mr-4COOTOor'v-'rmrvr-iO'Oon-inm'-Gin-^T-i<r  rococo 
0 *4  i— i  t-h  ■»— t  C-4  0*4  -— i - — l  •*— i  -»— l  -i— i  C-4  t— i  C-4  C-4  0 >4  — i  C-4  C-4  0-4  i— i  t— i  C-J  t-i 


r-4  in  t-i  c-4  in  on — i-o^^iiTrHrN  t-i  r-4  r-4  m  cn  io  co  rn  -i 
r-4  r-4  o  •— i  o  r-4  r-4  — i  — i  r-4  c-4  o  t-i  t-i —i  th  c-it-h 


iS'0  0'QM'OcoijTr'4i>'ONO'<r  NODwCMnrsT-t-i'-i  0-10—1 
m  r-4  r-4  m  <r  m  m  t-i  rn  —■  r-4  r-4  r-4  r-4  — <  m  r 4  r-4  r-4  r-4  cn  m  m  —i  m 


rv-.rorninoo--oo--r-4r-vO'r'-.c-4tnon-com— iioiooo— ir-m-co 


OIMn<JT4O^NNO(DinM0^Mrs00'COTHMM»-i0'OO 
t-i  t-h  -»— 1  r-4  r-4  * — 1  —i  f— » 1—1  r-4-rt  »h  r-4  - — 1 


0'Hr4-H'T'0'C'H<lOia0--O'0CS<T-O-(r-4,TC'4»-irH&-CDC0 

Mr4<T<Tr4nMMMn<rr4toM('4>rnM<r<Tininoa«nN 


O  OOO  — t  o 

0000000000  0000  00  OOO  o 


ocr)i\Nr4^iTinchwors'0<r  uo  — 1  co  co  co  o  t-i  rs  r^oin 


co  in  o  mn-co  r-4  n-T-i  in  10  o-i-iO'-  ck  CtI^-io  r-4  r  iin  r-4  t-i  c-Ti-iOr 
•H-HN<rr<iNr4'<rN<Trtromcor4^r,nsHCD-Hr4'0'Oinn 
inr-4  r-icooDCviin  r-4  rn  n-  r-4  r-4  r-4  •r  in  n  04  T4  C4  c  rs  o«r  in 

t-i  t— I  r-4  T-i  -r-l  LlD 


rvo-o  o  c^  ocor-4CDorxoroin  OTr-4oo  oomr-4 

TO-HO'HC4ON’-''0C0OMr4inr4OMnMiiTMnfS'0'0 
r-4-n-  rsi'-i  r-4  n-mr-4Uorv.cD— <  t*t-mt-i  crr-n-rnco 

T—t  T— I  CO 


'OinocNrnn-mn-corTicomrnrnO'OCOT-H'O— irxr^Tcn-r-Nr-4 


nuTO'CD-i-<iiximnr4mTHONNo<r'C'Oon-iis  r--rr-.c o 

o  04  rn  n-  r-4  m  -1  — 1  n-  n-  nui  —1  o  m  o  n-  m  m  r-4  n-  o  rn  r-4  cr 
t-i  t-i  r-4  <r  cm  r-i  t-i  — i  t-i  cni  in 

r-4 


oinrvrv.coT-ir-NincDmtn-T— ir-4r'-oco-Tr-4inin-'r  oor^r-. 


oin'OHr-40-H-Hin'HMm<Ta)iHininMincO'Oin-HCS'Oo 
O'OOT-t-O'-i'OnMCNHomriiNO'OT-cioMMN-Oirrio 
Mcontirt-o  r-4  —h  r-4  t— 1  cn  t— 1  r-4  m  r-4  t— 1  r-4  — 1  r-4  in  mo 

T— I  T— I  O'- 


CDinNo-oaiT-iorincnN'OT-in.-i'Ci^rirMiTTiO'Oa'N 


o^mrnmO'Cor-4coco--oininmr-4in*r'-ooincDr-4r\icD«roco 
oocDCDr4Nr4r4-i-o-uni>-rNTHM\ininirinonM'0'0 
t-i  t-i  r-4  r-4  r-4  r-4  —1  t-i  T-i  H<rn  -1 

m 


r-4  "T  n-  n-  n-  rv 


0000000000  0000  00  ooo-3-oin 


coO'OO'rvivr-io.inr-in-o-'Ocoor^THomT-ioon-O'Om 
n  "T  r4  -o  o-  rs  -o  r-4  04  -—i  r-j  -n  0  r-4  — i  t-i  — i  c^i  in  o  —1  rn 

co 


T^r4n'T-itnijor^'T'-or4n--Hminr^r^o--T-i(r,inr^i>.r-4Tro<x 

OOOOOOOOOOOOOOOOO-T-iT-i—i— It-iOO— il— 

mix  a  cjt-j  c_4  cj  Lu  Li_  co  co  ~ocic;rci— m— ii— 11— 11— 11—11— i2:2:i>co 
sc3ix:s:3Z303cscx:scx:  Ersirrrrrrrr  3;  rcnci— 


B.  125 


1985  Three-Yard  Directlonal/Bidlrectlonal  Madison  Yard _ 

Aggregate  Car  Hours  7  Average  Car  Hours/Car 
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1985  Three-Yard  Directional/Bidirectional  Madison  Yard _ 

Aggregate  Car  Hours  /  Average  Car  Hours/Car 
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B.16  Detention  Time  for  2000  Three-Yard  Directional/Bidirectional 
Madison  Yard  By: 

Inbound  Road 


Outbound  Road 


Inbound  Train 


Outbound  Train 


Outbound  Classifications 


Time  of  Day  Interval 
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2000  Tliree.-Ynrd  D  Lroo.  tionnl  /Mdlrcc  t  l.onal  Mndtaon  Ynrd _ 

Aggregate  Car  Hours  /  Average  Car  Hours/Car 
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2000  Three-Yard  Directional/Bidirectional  Madison  Yard' _ 

Aggregate  Car  Hours 7  Average  Car  Hours/Car 


TOTAL  101 


2000  Three-Yard  Directional/Bidirectional  Madison  Yard 
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B.17  Detention  Time  for  1985  Three-Yard  Directional  New  Yard  By: 


Inbound  Road 


Outbound  Road 


Inbound  Train 


Outbound  Train 


Outbound  Classifications 


Time  of  Day  Interval 
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1985  Three-Yard  Directional  New  Yard 
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1985  Three-Yard  Directional  New  Yard 
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1985  Three-Yard  Directional  New  Yard 
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Aggregate  Car  Hours  /  Average  Car  liours/Car 


-Qt-hCD  n  T’-'T 


no  o  o  o<r  co 

t-h  t-i  •*— » 


o-o  -c  cd 

7— it— i  t— i  -»— i  hC'J  t-h 


ontii  r-47-<  r-4 
r-in  n  n  nn  n 


ooobd  ooo 
-oocn  o  o-o  o 


noincooor-4 
r-in  -o  <r  n-n  <t 


■r  t  t-i  0’-<r-4 


o 


obionooo 


o  -o  <r  o  "T  —>  co 
bio  r-4  r-4 -cot 
-oo  in  in  oin  r-4 
n<r  o  iii  ■'tcmcn 

t-H  i—t  <r 

nr-,  o  -o  oin  o 


o-^- r-j  bo  inui  n 
-on r-4  cd  ncor-4 
^rc  j  cd  h—  <rncD 
t-<  n 


O  C-4  bl  CD  -O-'T  C-4 


oo  o  o  n^r  o 
-oo  o  n  T-i-o  o 
o-o  o  co  oin  t 
r-4  —1  o 


■O'OT'TrtOH 


7-i  co  c-4  co  in  no 

0-0  7-1  -O  -TT-O  bD 
CDO-T  CD  bDC-4-0 
-ho  -"t  r-4  r-4 7-i o 
r-4 

nr-4  <r  in  on  <r 
7-10  bD  O  -ObD  O 

r-io  o  7-i  born  n 
-oonnono 
n  n  7-h  t-h  ci- 


con  o  ODOin 


oinbDCD  nn-o 
o-  ci  -—I  t-h  r-4  in 
r-4  r-4  bo 


oinbic-i  -cch 
-OCD  O  O  CO  COO 
r-40  bo  r-i  c-4-h  n 
r-4 


t-h  r-4  n  tr  in-o  _i 
i  i  i  i.  i  i  <x 

1 — I—  H—  (—  t— l— I— 

z  z  zz  o 


B.  142 


B.18  Detention  Time  for  2000  Three-Yard  Directional  New  Yard  By 


Inbound  Road 


Outbound  Road 


Inbound  Train 


Outbound  Train 


Outbound  Classifications 


Time  of  Day  Interval 
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2000  Three-Yard  Directional  New  Yard 
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2000  Three-Yard  Directional  New  Yard _ 

Aggregate  Car  Hours  7  Average  Car  Hours/Car 
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2000  Three-Yard  Directional  New  Yard _ 

Aggregate  Car  Hours  7  Average  Car  llours/Car 
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2000  Three-Yard  Directional  New  Yard 
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2000  Three-Yard  Directional  New  Yard _ 

Aggregate  Car  Hours  7  Average  Car  Hours/Car 
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2000  Three-Yard  Directional  New  Yard 
Aggregate  Car  Hours  7  Average  Car  Hours/Car 
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2000  Three-Yard  Directional  New  Yard 
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2000  Three-Yard  Directional  New  Yard 
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B.19  Detention  Time  for  1985  Three-Yard  Bidirectional  Yard  By 
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1985  Three-Yard  Bidirectional  New  Yard 
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_ 1985  Three-Yard  Bidirectional  New  Yard _ 

Aggregate  Car  Hours  7  Average  Car  Hours/Car 
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1985  Three-Yard  Bidirectional  New  Yard 
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1985  Three-Yard  Bidirectional  New  Yard _ 

Aggregate  Car  Hours  /  Average  Car  llours/Car 
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B.20  Detention  Time  for  2000  Three-Yard  Bidirectional  New  Yard  By 


Inbound  Road 


Outbound  Road 


Inbound  Train 


Outbound  Train 


Outbound  Classifications 


Time  of  Day  Interval 
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2000  Three-Yard  Bidirectional  New  Yard 


2000  Three-Yard  Bidirectional  New  Yard 
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20H0  Three-Yard  Bidirectional  New  Yard 
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2000  Three-  Yard  Bidirectional  New  Yard 
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2000 .  Tlirp.p-Yard-BidirecLlonal  Nsw-Yard 
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2000  Three-Yard  Bidirectional  New  Yard 
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APPENDIX  C 

Corridor  Operating  Statistics 
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C.i 


ST.  LOUIS  RAILROAD 
GATEWAY  STUDY  AREA 


Carrie  Ave. 


LEGEND 


©  STATION  NAME 

00  SEGMENT  NUMBER 

SEGMENTS  WITHIN 
STUDY  AREA 

SEGMENTS  OUTSIDE 
STUDY  AREA 


STATION  KEY 


Code 

Station  Name 

LE 

NK 

HN 

40 

SO 

GA 

VA 

TO 

FX 

WR 

SH 

CP 

WI 

sx 

DU 

BI 

VE 

QT 

WA 

BR 

NM 

GR 

TT 

CY 

NY 

ID 

MO 

MA 

NG 

A 

Lenox 

NKP  Tower 

HN  Cabin 

40th  St.  L&N 

Southern  Junction 
Gateway  Yard 

Valley  Junction 

Tolson 

Fox 

WR  Tower 

SH  Tower 

CP  Junction 

Willows 

Southern  Crossing 

Dupo 

Bixby 

Venice 

Q  Tower 

West  Approach 

Bremen 

North  Market 

Gratiot 

Tower  2 
"C"  Yard 

New  Yard 

ID  Tower 

MO  Junction 

Madison 

North  End  Gateway  Yard 
Amtrak 

Source:  CONSAD  Research  Corporation. 


C.  3 


LINK  KEY 


Link 

Number 

Route 

Owning  or 
Operating 
Railroad 

Number 
of  Main 
Tracks 

Mileag' 

1 

Lenox  -  WR 

CR/ICG/NW 

4 

6.1 

2 

Lenox  -  NKP  Tower 

A&S 

1 

6.2 

3 

WR  -  Venice 

CR/ICG/NW 

3 

3.2 

4 

WR  -  SH 

TRRA 

2 

1.7 

5 

West  Approach  -  Bremen 

TRRA 

2 

0.4 

6 

West  Approach  -  SH 

TRRA 

2 

1.6 

7 

SH  -  CP 

TRRA 

2 

1.2 

8 

SH  -  NKP  Tower 

TRRA/ CNW/NW 

1 

1.4 

9 

NKP  Tower  -  HN  Cabin 

A&S 

1/2 

4.9 

10 

Bremen  -  North  Market 

TRRA 

2 

1.2 

11 

Venice  -  Q  Tower 

CR/ ICG/ TRRA 

2 

.1.8 

12 

CP  Jet.  -  Q  Tower 

TRRA/IT/CNW/ 

3. 

2.4 

13 

CP  Jet.  -  Willows 

NW 

TRRA 

2 

2.2 

14 

North  Market  -  Gratiot 

TRRA 

2 

2.9 

15 

Q  Tower  -  Gratiot 

City  of  St. 

2 

1.4 

17 

Q  Tower  -  Willows 

Louis 

CR/BO 

2/3 

2.0 

18 

Willows  -  Southern  Crossing 

TRRA 

2 

2.6 

19 

Willows  -  HN  Cabin 

CR/BO 

3 

2.9 

20 

HN  Cabin  -  40th  St.  L&N 

A&S 

2 

3.2 

21 

40th  St.  L&N  -  Southern 

A&S 

2 

2.2 

22 

Southern  Crossing  -  Valley 

TRRA 

2 

1.1 

23 

Junction 

Soutern  -  Gateway 

A&S 

3 

0.5 

24 

Gratiot  -  Tower  Two 

TRRA/MP 

2 

1.7 

25 

Gratiot  -  Valley 

City  of  St. 

2 

2.9 

26 

Valley  -  Tolson 

St.  Louis 

A&S 

1/2 

2.4 

27 

Valley  -  Dupo 

MP 

3/2 

7.3 

28 

Valley  -  Gateway 

A&S 

2 

1.5 

29 

Tolson  -  Bixby 

ICG 

1 

10.3 

30 

Tolson  -  Dupo 

TRRA 

2/1 

6.3 

31 

Dupo  -  Bixby 

MP 

2 

2.2 

32 

Gateway  -  Valley 

A&S 

3 

0.2 

33 

M&O  Jet.  -  C  Yard 

ICG 

2 

1.1 

34 

C  Yard  -  Valley 

ICG 

2 

1.8 

35 

Q  Tower  -  Tolson 

TRRA/ ICG 

2 

4.8 

42 

Gratiot  -  Amtrak 

TRRA 

1 

0.2 

C.4 


Road  Key 


Road  ID 


Carrier  Name 


AS 

AT 

3N 

BO 

CR 

CW 

IC 

IT 

KT 

LN 

IMP 

NW 

NY 

RI 

SF 

SO 

sw 

TO 

TR 


Alton  &  Southern 
Amtrak 

Burlington  Northern 
Baltimore  &  Ohio 
Conrail 

Chicago  &  North  Western 

Illinois  Central  Gulf 

Illinois  Terminal 

His sour i-Kansas-Texas 

Louisville  &  Nashville 

Missouri  Pacific 

Norfolk  &  Western 

New  Yard  Transfers 

Chicago,  Rock  Island  &  Pacific 

St.  Louis-San  Francisco 

Southern  Railway 

St.  Louis  Southwestern 

TOFC  Yard  Transfers 

Terminal  Railroad  Association  of 
St.  Louis 


Source:  CONSAD  Research  Corporation 


C.l  1979  No  Build  Alternative 


1 

47 

2562 

148572 

44.5 

16.3 

O 

•  im 

906289 

971 

286.7 

o 

u 

11 

851 

46805 

22.5 

8.9 

2.2 

290190 

860 

68.2 

3 

17 

887 

48785 

15.0 

5.2 

.1 

156111 

283 

54.4 

4 

37 

1886 

107453 

23.1 

10.9 

1,9 

182670 

534 

62.9 

5 

35 

1523 

84048 

8.2 

4.1 

0. 

33619 

192 

14.0 

6 

66 

2946 

162313 

34.3 

16.3 

.6 

259700 

778 

105,6 

7 

17 

718 

42930 

8.7 

4.1 

,2 

51515 

176 

20.4 

8 

0 

0 

0 

0, 

0. 

0. 

0 

0 

0. 

9 

17 

1191 

68601 

32.5 

14.5 

.4 

336144 

1044 

83.3 

10 

37 

1657 

91418 

15.6 

8.0 

0. 

109701 

391 

44.4 

11 

1 3 

748 

41140 

12.9 

4.3 

0. 

74051 

291 

23,4 

12 

0 

0 

0 

0, 

0. 

0. 

0 

0 

0. 

13 

32 

1529 

86787 

25.5 

13.6 

1.3 

190931 

615 

70.4 

14 

32 

1477 

81518 

20.9 

10.2 

0. 

236402 

513 

92.8 

15 

1 

87 

4785 

.6 

.3 

0. 

6693 

26 

1.4 

17 

7 

380 

20900 

3.5 

1.4 

0. 

41800 

81 

14.0 

18 

24 

1129 

61347 

13.2 

6 . 6 

0. 

159502 

336 

62.4 

19 

19 

999 

58385 

16.0 

5.2 

.7 

169316 

314 

55.1 

20 

28 

2099 

118541 

49.4 

19.0 

.7 

379331 

1436 

89.6 

21 

30 

2173 

122611 

42.7 

17.0 

,6 

269744 

1293 

66.0 

22 

14 

582 

32010 

6.6 

3.3 

.4 

35210 

147 

15.4 

23 

34 

2398 

134986 

44.9 

17.1 

2.1 

67493 

1271 

17.0 

24 

49 

2970 

163716 

26.3 

11.9 

0. 

278317 

722 

83.3 

25 

23 

1552 

85298 

29.0 

11.4 

2.6 

247364 

813 

66.7 

26 

5 

58 

3190 

1.3 

1.3 

0. 

7655 

15 

12.0 

27 

46 

3300 

184534 

61.9 

22.4 

1.4 

1347098 

1627 

335.8 

28 

0 

0 

0 

0. 

0. 

0. 

0 

0 

0. 

29 

2 

24 

1320 

1.2 

1.2 

0. 

13595 

14 

20,6 

30 

2 

80 

4400 

2.1 

1.3 

0. 

27719 

54 

12.6 

31 

44 

3547 

194090 

20.1 

6.8 

.3 

426997 

542 

96.8 

32 

0 

0 

0 

0. 

0. 

0, 

0 

0 

0. 

33 

14 

740 

40700 

9.1 

3.1 

.8 

44769 

194 

15,4 

34 

15 

916 

47356 

9.7 

3.6 

0. 

85240 

235 

27.0 

35 

4 

104 

5720 

5.3 

4.2 

0. 

27455 

110 

19.2 

42 

6 

29 

1450 

o 

%  t- 

.2 

0. 

289 

1 

1.2 

C.6 
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C.2  1985  No  Build  Alternative 


1 

33 

2036 

119642 

32.5 

12.4 

.2 

729816 

859 

201.3 

9 

8 

577 

31735 

7.6 

3,4 

.1 

196756 

248 

49.6 

3 

12 

971 

53405 

11.1 

3.7 

.1 

198945 

306 

41.4 

4 

31 

1527 

88291 

15.7 

8,6 

1.1 

150094 

414 

52.7 

5 

34 

1730 

96637 

13.0 

6.5 

1.5 

38654 

380 

13.6 

6 

64 

3315 

183812 

43.2 

21.1 

.9 

294099 

1183 

102.4 

7 

18 

948 

55580 

9,5 

4.6 

.5 

66695 

260 

21.6 

8 

0 

0 

0 

0, 

0. 

0, 

0 

0 

0. 

9 

16 

1153 

67543 

39.8 

16.1 

1.7 

330960 

1137 

78,4 

10 

37 

1926 

107417 

18,8 

9.6 

.6 

128900 

533 

44,4 

11 

12 

743 

40865 

12,4 

4,8 

.5 

73556 

331 

21,6 

12 

1 

61 

3355 

.3 

.2 

0. 

8051 

10 

2.4 

13 

34 

2086 

117169 

39.9 

19.6 

6,7 

257771 

1318 

74,8 

14 

32 

1776 

99167 

21.4 

10.2 

,0 

287584 

622 

92,8 

15 

n 

*L. 

215 

11825 

1.1 

.6 

0, 

16554 

60 

2.8 

17 

8 

667 

36685 

5.4 

1.9 

0, 

73370 

175 

16.0 

18 

oo 
*.  z 

1274 

69069 

13.2 

6.9 

.2 

179579 

424 

57.2 

19 

21 

1666 

95070 

15.8 

4.9 

.1 

275702 

415 

60.9 

20 

30 

2465 

139703 

63.2 

23.8 

,  5 

447049 

1999 

96.0 

21 

32 

2549 

144323 

61,1 

21.8 

2.7 

317510 

2033 

70.4 

TO 

C.  L. 

12 

581 

31955 

6.0 

3.3 

.7 

35150 

161 

13.2 

23 

34 

2727 

154113 

45.5 

17.2 

1,4 

77056 

1469 

17.0 

24 

60 

4704 

267998 

35.3 

15.0 

T 

♦  Cm 

455596 

1115 

102.0 

25 

33 

2770 

159996 

45.8 

17,0 

2.3 

463988 

1392 

95.7 

26 

5 

69 

3795 

2.2 

2.2 

.9 

9107 

39 

12,0 

27 

55 

4869 

279569 

**** 

43.3 

8.4 

2040853 

3727 

401.5 

28 

0 

0 

0 

0. 

0. 

0. 

0 

0 

0. 

29 

o 

29 

1595 

1.4 

1.4 

.1 

16428 

20 

20,6 

30 

9 

c. 

89 

4895 

2.2 

1.3 

0. 

30838 

66 

12.6 

31 

55 

5197 

296949 

27.5 

9.2 

.8 

653287 

834 

121.0 

32 

0 

0 

0 

0, 

0. 

0. 

0 

0 

0. 

33 

14 

850 

46750 

6.4 

3.0 

.6 

51424 

173 

15.4 

34 

15 

1035 

53901 

10.2 

4.1 

,3 

97021 

304 

27.0 

35 

4 

118 

6490 

4.9 

4.1 

0. 

31151 

112 

19.2 

42 

6 

29 

1450 

T 
♦  c. 

.2 

0. 

289 

0 

1.2 

,C.  7 


C.3  2000  No  Build  Alternative 


1 

43 

2885 

166337 

43.9 

16.6 

.3 

1014655 

1244 

262.3 

n 

10 

884 

48620 

10.7 

4.3 

.1 

301443 

393 

62,0 

3 

17 

1245 

68475 

14.6 

5.0 

,1 

219119 

377 

54.4 

4 

36 

2151 

128029 

20.3 

10.3 

1.9 

217649 

628 

61.2 

5 

35 

2284 

132550 

14.8 

7.0 

1.3 

53019 

528 

14.0 

6 

69 

4573 

258420 

59.8 

28,0 

3,3 

413471 

2107 

110.4 

7 

18 

1174 

68010 

10.2 

4.3 

.7 

81611 

346 

21.6 

8 

0 

0 

0 

0. 

0. 

0. 

0 

0 

0. 

9 

17 

1450 

88393 

49.9 

19,1 

3.8 

433125 

1684 

83,3 

10 

42 

2658 

153095 

21.6 

10.8 

.6 

183713 

734 

50.4 

11 

13 

999 

54945 

14.0 

5.2 

» 5 

98900 

423 

23,4 

12 

1 

101 

5555 

.3 

.2 

0, 

13331 

16 

2.4 

13 

40 

3193 

176976 

49.9 

23,4 

4,1 

389347 

1887 

88.0 

14 

35 

2379 

137750 

24.2 

11,3 

.0 

399474 

843 

101.5 

15 

3 

328 

18040 

2.3 

.8 

0. 

25255 

92 

4.2 

17 

11 

954 

52470 

7,9 

2.6 

0. 

104940 

250 

22.0 

18 

28 

2238 

121011 

18.4 

8.8 

.2 

314628 

736 

72.8 

19 

28 

2587 

145725 

22.3 

7.0 

.5 

422602 

706 

81.2 

20 

34 

3267 

188328 

78,0 

27.2 

2.1 

602649 

2681 

108,8 

21 

36 

3387 

194928 

72.5 

24.7 

2.7 

428841 

2599 

79.2 

no 

C.  i. 

13 

918 

50490 

6,5 

3,6 

,7 

55538 

256 

14.3 

23 

39 

3551 

203948 

68,8 

24.3 

3.6 

101974 

2334 

19.5 

24 

84 

7395 

436042 

48.2 

19.3 

o 

•  C. 

741271 

1657 

142.8 

25 

53 

4738 

282857 

73.8 

25.3 

1.7 

820285 

2301 

153.7 

26 

5 

104 

5720 

2.2 

2.2 

.9 

13727 

59 

12.0 

27 

80 

7615 

449735 

**** 

59.2 

9.5 

3283065 

5649 

584.0 

28 

0 

0 

0 

0. 

0. 

0. 

0 

0 

0. 

29 

2 

42 

2310 

1.4 

1.4 

.1 

23792 

29 

20.6 

30 

o 

4. 

81 

4455 

2.2 

1,3 

0. 

28066 

62 

12.6 

31 

82 

7971 

470771 

41.0 

13.3 

.8 

1035696 

1289 

180.4 

32 

0 

0 

0 

0. 

0. 

0. 

0 

0 

0. 

33 

15 

1143 

63140 

7.2 

3.2 

,6 

69453 

229 

16.5 

34 

16 

1365 

72051 

11.4 

4.4 

.0 

129691 

399 

28.8 

35 

4 

123 

6765 

5.8 

4,9 

.8 

32471 

135 

19.2 

42 

6 

29 

1450 

.2 

.2 

0. 

289 

0 

1.2 
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C.4  1985  Two-Yard  Directional  Alternative 


1 

42 

2346 

133252 

14.7 

6.4 

0. 

812837 

356 

256.2 

o 

Cm 

9 

531 

32645 

5.3 

2.3 

0. 

202398 

130 

55.8 

3 

28 

1840 

107073 

6.3 

2.3 

0. 

342633 

201 

89.6 

4 

21 

866 

47630 

5.8 

2,7 

0. 

80970 

115 

35.7 

5 

24 

1481 

87328 

2.1 

1.0 

0. 

38803 

66 

10,4 

6 

53 

3104 

176593 

11.6 

5.4 

,9 

282548 

303 

84,8 

7 

10 

229 

12595 

1.8 

.9 

0. 

15113 

23 

12,0 

8 

0 

0 

0 

0. 

0. 

0. 

0 

0 

0. 

9 

19 

1620 

95667 

8.8 

3,6 

,0 

468768 

325 

93.1 

10 

22 

1249 

74568 

2.4 

1.2 

0. 

89481 

69 

26.4 

11 

28 

1537 

84535 

4.9 

2,3 

.1 

152162 

130 

50.4 

12 

0 

0 

0 

0. 

0. 

0. 

0 

0 

0. 

13 

8 

164 

9020 

2.9 

1.3 

0. 

19843 

24 

17,6 

14 

21 

1279 

76218 

5.7 

2.7 

0. 

221032 

180 

60.9 

15 

9 

402 

22110 

2.3 

1.2 

0. 

30953 

57 

12.6 

17 

25 

1639 

90145 

7.9 

3.0 

.3 

180290 

219 

50.0 

18 

13 

212 

11660 

4.3 

3.3 

0. 

30315 

53 

33.8 

19 

33 

1872 

102960 

7.3 

2.9 

.1 

298583 

155 

95.7 

20 

33 

2670 

149977 

11.1 

4,0 

.3 

479926 

341 

105,6 

21 

36 

2864 

160647 

5.8 

2.6 

,  1 

353423 

163 

79.2 

22 

13 

212 

11660 

2.4 

1.9 

0. 

12825 

30 

14.3 

23 

40 

3232 

181888 

12,8 

4.3 

.2 

90944 

361 

20.0 

24 

60 

4843 

289383 

16.0 

5.8 

.8 

491951 

470 

102,0 

25 

38 

3456 

206805 

19.8 

6.7 

.7 

599734 

590 

110.2 

26 

3 

48 

2640 

.7 

.7 

0. 

6335 

11 

7,2 

27 

50 

4151 

249158 

36.4 

12.9 

1.9 

1818853 

1115 

365.0 

28 

0 

0 

0 

0. 

0. 

0. 

0 

0 

0. 

29 

9 

768 

42240 

5.8 

2.4 

0. 

435071 

178 

92.7 

30 

7 

559 

30745 

3.5 

1.4 

0. 

193693 

113 

44.1 

31 

47 

4628 

277313 

13.8 

4.8 

.1 

618888 

473 

104.4 

32 

0 

0 

0 

0. 

0. 

0. 

0 

0 

0. 

33 

41 

2191 

120505 

6.7 

3.5 

.6 

132555 

199 

45.1 

34 

42 

2339 

125621 

8.5 

4.2 

.1 

226117 

244 

75.6 

35 

18 

1351 

74305 

3.3 

2.5 

0. 

356663 

98 

86.4 

42 

6 

29 

1450 

.2 

.2 

0. 

289 

1 

1.2 

C.  9 


C.5  2000  Two-Yard  Directional  Alternative 


1 

45 

2903 

163897 

16,8 

7.0 

0. 

o 

L. 

9 

684 

44500 

4.7 

2.1 

0. 

3 

34 

2479 

143250 

8.7 

3,0 

.1 

4 

20 

1001 

55055 

5.7 

2.9 

.3 

5 

26 

1735 

102330 

2.1 

,9 

0. 

6 

58 

4096 

232185 

12.3 

5.4 

,5 

7 

9 

247 

13585 

1.5 

,8 

0. 

8 

0 

0 

0 

0. 

0. 

0. 

9 

29 

2406 

150877 

13.5 

5.4 

.0 

10 

27 

1759 

103650 

3.7 

1.6 

0. 

11 

31 

2059 

113245 

6.5 

2.8 

.1 

12 

0 

0 

0 

0. 

0. 

0, 

13 

7 

183 

10340 

2.5 

1.1 

0. 

14 

25 

1677 

99140 

7.7 

3,2 

0. 

15 

9 

522 

28710 

2.3 

1.2 

0. 

17 

27 

2253 

123915 

8.1 

3.1 

.4 

18 

13 

446 

24530 

4.0 

3.1 

0. 

19 

33 

2578 

141790 

7.3 

2.9 

.1 

20 

43 

3800 

220667 

15.2 

5,2 

.1 

21 

46 

4074 

235737 

7.2 

3.6 

0. 

22 

13 

446 

24530 

2.4 

1.8 

0, 

23 

47 

4413 

251358 

19,3 

6.2 

1.0 

24 

86 

7381 

436129 

24,4 

8.4 

n 

t 

25 

59 

5377 

318859 

35.7 

11.8 

2,0 

26 

3 

83 

4565 

.7 

,7 

0. 

27 

72 

6209 

373262 

52.5 

17.6 

1.9 

28 

0 

0 

0 

0. 

0, 

0. 

29 

11 

1025 

56375 

7.3 

2.9 

0. 

30 

8 

689 

37895 

4.3 

1.6 

0. 

31 

72 

6632 

397983 

21.2 

7.1 

,0 

32 

0 

0 

0 

0. 

0. 

0. 

33 

43 

2832 

155760 

7.6 

4.0 

1,0 

34 

44 

2921 

157631 

9.4 

4.6 

o 

35 

21 

1753 

96415 

3.7 

3.1 

0, 

42 

6 

29 

1450 

.2 

O 
•  c. 

0. 

999710 

275899 

458399 

93593 

40931 

371495 

16301 

0 

739297 

124379 

203840 

0 

22747 

287505 

40193 

247830 

63777 

411190 

706134 

518621 

26982 

125679 

741419 

924690 

10955 

2724812 

0 

580662 

238738 

875562 

0 

171335 

283735 

462791 

289 


457 

138 

257 

147 

64 

388 

22 

0 

466 

106 

197 

0 

28 

227 

79 

264 

105 

212 

465 

220 

62 

602 

759 

1046 

20 

1567 

0 

247 

140 

653 

0 

253 

312 

118 

1 


274.5 

55.8 
108,8 

34,0 

10.4 

92.8 

10.8 
0. 

142.1 

32.4 

55.8 
0. 

15.4 

72.5 

12.6 
54.0 

33.8 
95,7 

137.6 
101 . 

14, 
23. 
146, 
171. 
7. 

525, 
0. 
113. 
50. 
158, 
0. 
47. 
79. 
100.8 
1.2 


C.10 
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C.6  1985  Three-Yard  Directional  Alternative 


1 

39 

2318 

131712 

17,0 

7.0 

0. 

803443 

433 

237.9 

9 

9 

528 

32480 

4,7 

2,0 

0. 

201375 

117 

55.8 

3 

26 

1703 

95152 

7.2 

2.9 

0. 

304486 

201 

83.2 

4 

19 

872 

47960 

7.1 

3.6 

1.0 

81531 

136 

32.3 

5 

13 

402 

23597 

1.1 

.6 

0. 

9438 

20 

5.2 

6 

41 

2110 

117537 

7.2 

3,3 

.2 

188059 

169 

65,6 

7 

8 

164 

9020 

2.2 

.9 

.1 

10823 

18 

9.6 

8 

0 

0 

0 

0. 

0. 

0. 

0 

0 

0. 

9 

21 

1683 

99132 

7,8 

3.4 

0. 

485746 

268 

102.9 

10 

13 

394 

23157 

1.2 

.7 

0. 

27788 

25 

15,6 

11 

26 

1520 

83600 

7.6 

3  ♦  3 

.4 

150479 

202 

46,8 

12 

0 

0 

0 

0, 

0. 

0, 

0 

0 

0. 

13 

8 

164 

9020 

2.1 

.9 

0. 

19843 

17 

17.6 

14 

11 

365 

21562 

2.2 

1.2 

0. 

62529 

52 

31.9 

15 

24 

1353 

74415 

8.2 

3.7 

1.2 

104180 

228 

33.6 

17 

29 

1326 

100430 

15,2 

6.0 

1.9 

200860 

401 

58.0 

18 

13 

212 

11660 

3,6 

2.8 

0. 

30315 

45 

33.8 

19 

33 

2010 

110550 

4.6 

2. 9 

.1 

320594 

112 

95.7 

20 

33 

2782 

156137 

10.1 

3.4 

n 

♦ 

499638 

294 

105.6 

21 

35 

2775 

155752 

5.8 

2.5 

,i 

342654 

168 

77,0 

22 

13 

212 

11660 

2,1 

1.6 

0. 

12825 

26 

14.3 

23 

38 

3143 

176993 

15.9 

5.2 

.7 

88496 

449 

19.0 

24 

63 

4907 

288242 

14.4 

5 , 3 

.1 

490011 

420 

107.1 

25 

38 

3344 

200645 

20.9 

7.2 

.7 

581870 

639 

110.2 

26 

8 

108 

5940 

2,0 

2.0 

.3 

14255 

30 

19.2 

27 

46 

3765 

227928 

27.3 

10.0 

.8 

1663874 

836 

335.8 

28 

0 

0 

0 

0. 

0. 

0. 

0 

0 

0. 

29 

16 

1476 

81180 

10.3 

4.3 

0, 

836153 

334 

164.8 

30 

3 

327 

17985 

2.5 

.8 

0. 

113305 

88 

18.9 

31 

39 

3752 

229133 

11.9 

4,0 

0, 

504092 

388 

85.8 

32 

0 

0 

0 

0. 

0. 

0. 

0 

0 

0, 

33 

50 

2658 

146190 

10,8 

5.3 

.7 

160808 

293 

55.0 

34 

51 

2754 

148446 

14.1 

6.6 

1.0 

267202 

396 

91,8 

35 

22 

1867 

102685 

7.4 

3,1 

.2 

492887 

232 

105.6 

42 

6 

29 

1450 

.3 

.3 

0, 

289 

1 

1.2 
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11 


C.7  2000  Three-Yard  Directional  Alternative 


1 

43 

2936 

165702 

20.0 

8,1 

0. 

1010732 

567 

262.3 

2 

9 

604 

36660 

4.7 

2.0 

0. 

227291 

135 

55.8 

3 

31 

2295 

133130 

8.8 

3.4 

0. 

426015 

270 

99.2 

4 

20 

1112 

61160 

7.0 

3,2 

.  5 

103971 

170 

34.0 

5 

15 

606 

40235 

1.4 

,7 

0. 

16093 

32 

6.0 

6 

46 

3047 

174490 

9.0 

3.9 

.5 

279133 

270 

73.6 

7 

8 

240 

13200 

2.2 

.9 

0. 

15839 

26 

9.6 

3 

0 

0 

0 

0. 

0. 

0. 

0 

0 

0. 

9 

29 

2389 

146502 

15.5 

6,0 

0. 

717859 

452 

142.1 

10 

16 

663 

43370 

1.8 

.9 

0, 

52043 

45 

19.2 

11 

27 

1984 

109120 

7.8 

3,4 

.6 

196415 

243 

48.6 

12 

0 

0 

0 

0. 

0. 

0. 

0 

0 

0, 

13 

8 

240 

13200 

2.1 

.9 

0. 

29039 

23 

17.6 

14 

13 

561 

37760 

3.2 

1.5 

0. 

109503 

81 

37.7 

15 

27 

1856 

102080 

9.4 

4.0 

.8 

142911 

283 

37,8 

17 

31 

2532 

139260 

30.4 

10.8 

6.2 

278520 

970 

62.0 

18 

13 

446 

24530 

3.6 

2.8 

0. 

63777 

96 

33.8 

19 

35 

2760 

151800 

4.8 

3.1 

,1 

440219 

145 

101.5 

20 

43 

3955 

229192 

13.6 

4.5 

.2 

733414 

409 

137.6 

21 

44 

4008 

232107 

7.7 

3.4 

0. 

510635 

228 

96.8 

on 

C.  iL 

13 

446 

24530 

2.1 

1.6 

0. 

26982 

54 

14.3 

23 

44 

4254 

242613 

21.0 

6,9 

1.5 

121306 

724 

22.0 

24 

89 

7483 

441739 

23.3 

8.0 

.5 

750956 

720 

151.3 

25 

59 

5281 

313579 

46.2 

15.0 

4.6 

909378 

1341 

171.1 

26 

8 

165 

9075 

2.0 

2.0 

.3 

21779 

46 

19.2 

27 

70 

6034 

358723 

45.4 

15.6 

1,6 

2618677 

1354 

511.0 

28 

0 

0 

0 

0. 

0. 

0. 

0 

0 

0. 

29 

21 

1973 

108515 

12.6 

5.6 

0. 

1117704 

436 

216.3 

30 

3 

374 

20570 

2.5 

.8 

0. 

129590 

105 

18.9 

31 

61 

5558 

338913 

19.5 

6.3 

0. 

745603 

575 

134.2 

32 

0 

0 

0 

0. 

0. 

0. 

0 

0 

0. 

33 

52 

3458 

190190 

11.0 

5.3 

1.1 

209208 

363 

57.2 

34 

52 

3547 

192061 

16.8 

7.7 

1.9 

345709 

591 

93.6 

35 

27 

2418 

132990 

9,5 

4,0 

O 
»  £. 

638351 

322 

129.6 

42 

6 

29 

1450 

.3 

.3 

0. 

289 

1 

1.2 

C.  12 


cdcnIOO'-O'-o  •r-trj'O  -o  rv  co  o  co  in  0  co  m  o  m  cn  o  o  o>  (n  cj  o 


C.8  1985  Three-Yard  Bidirectional  Alternative 


1 

42 

2422 

137432 

13,5 

5,1 

0. 

838335 

321 

256,2 

9 

9 

635 

38365 

6.4 

2.8 

0. 

237862 

192 

55.8 

3 

31 

2050 

114237 

8.2 

3.2 

0. 

365558 

217 

99.2 

4 

17 

627 

34485 

3.9 

1.8 

0, 

58624 

63 

28.9 

5 

24 

1218 

68477 

3.4 

1.7 

0. 

27390 

91 

9.6 

6 

53 

2981 

165442 

17,7 

7.0 

.6 

264707 

437 

84,8 

7 

8 

163 

8965 

3.5 

1.5 

0. 

10757 

30 

9,6 

8 

2 

174 

9570 

.3 

.1 

0. 

13397 

8 

2.8 

9 

21 

1517 

92459 

5.4 

2.5 

0. 

453049 

175 

102.9 

10 

29 

1417 

79422 

4.7 

2.4 

0. 

95306 

122 

34.8 

11 

21 

1458 

80190 

4.5 

1.7 

0. 

144341 

119 

37.8 

12 

0 

0 

0 

0. 

0. 

0. 

0 

0 

0. 

13 

8 

163 

8965 

2.5 

1,0 

0. 

19722 

21 

17,6 

14 

25 

1356 

76067 

6.0 

2.8 

0. 

220594 

163 

72.5 

15 

17 

1013 

55715 

7.6 

2.8 

.7 

78000 

162 

23,8 

17 

24 

1654 

95098 

10.0 

3.1 

.8 

190196 

249 

48.0 

18 

9 

125 

6875 

2.4 

1,9 

0. 

17874 

26 

23.4 

19 

31 

1913 

109343 

8,6 

3.3 

0. 

317094 

205 

89.9 

20 

36 

2734 

151826 

10.5 

3,8 

,3 

485843 

289 

115.2 

21 

32 

2436 

135436 

6.1 

2,3 

0. 

297959 

173 

70.4 

IT 

A*  aL. 

9 

125 

6875 

1.3 

1.1 

0. 

7562 

14 

9.9 

23 

36 

2395 

159225 

12.2 

4.3 

.3 

79612 

357 

18.0 

24 

71 

5497 

314924 

21.9 

7.7 

.5 

535370 

667 

120.7 

25 

32 

2789 

164352 

15.7 

5,6 

.6 

476620 

509 

92.8 

26 

0 

0 

0 

0, 

0. 

0, 

0 

0 

0. 

27 

51 

4353 

250372 

31.1 

11.4 

1.5 

1827715 

978 

372.3 

28 

0 

0 

0 

0. 

0. 

0, 

0 

0 

0. 

29 

6 

565 

35203 

4,7 

1.6 

0. 

362590 

146 

61.8 

30 

0 

0 

0 

0. 

0. 

0. 

0 

0 

0. 

31 

54 

4664 

269397 

13,4 

4,7 

.3 

592673 

426 

118.8 

32 

0 

0 

0 

0. 

0. 

0. 

0 

0 

0. 

33 

30 

1651 

90805 

7.0 

3.4 

,3 

99885 

184 

33.0 

34 

30 

1747 

93061 

8.5 

4.0 

0. 

167509 

233 

54.0 

35 

6 

565 

35203 

1.5 

.8 

0. 

168974 

46 

28.8 

42 

6 

29 

1450 

,3 

,3 

0. 

289 

1 

1.2 

C.  13 


C.9  2000  Three-Yard  Bidrectional  Alternative 


1 

45 

3255 

183247 

14.2 

5.3 

0. 

1117806 

401 

274.5 

2 

10 

818 

48430 

7.4 

3.1 

0. 

300265 

249 

62.0 

3 

37 

2905 

166680 

10.0 

3.8 

0. 

533375 

304 

118.4 

4 

17 

806 

44330 

4.1 

1.9 

0. 

75360 

87 

28.9 

5 

30 

1857 

109040 

3.8 

1.8 

0, 

43615 

108 

12.0 

6 

60 

4309 

243900 

22.6 

8,2 

1.4 

390239 

684 

96.0 

7 

8 

238 

13090 

3.1 

1.4 

0. 

15707 

36 

9.6 

8 

n 

246 

13530 

.3 

.1 

0. 

18941 

12 

2.8 

9 

30 

2437 

149142 

8.6 

3.7 

0. 

730795 

288 

147.0 

10 

34 

2118 

123395 

6.4 

2.9 

0. 

148073 

189 

o 

♦ 

00 

11 

23 

2040 

112200 

5.2 

1,9 

0, 

201959 

169 

41.4 

12 

0 

0 

0 

0. 

0. 

0. 

0 

0 

0. 

13 

8 

238 

13090 

2.5 

1,0 

0, 

28797 

31 

17.6 

14 

30 

1988 

116245 

7.8 

3,3 

0, 

337110 

234 

87.0 

15 

18 

1478 

81290 

10,1 

3.6 

1.3 

113S05 

288 

17 

28 

2542 

148453 

14.6 

4,3 

1.6 

296906 

465 

56.0 

18 

9 

242 

13310 

2.4 

1.9 

0. 

34605 

51 

23.4 

19 

36 

2998 

173533 

10,4 

3.8 

0. 

503245 

313 

104.4 

20 

44 

3971 

221429 

13.1 

4,7 

.2 

708572 

412 

140.8 

21 

40 

3560 

198824 

8.3 

3.1 

0. 

437412 

273 

88.0 

22 

9 

242 

13310 

1.3 

1.1 

0. 

14640 

28 

9,9 

23 

40 

3713 

204215 

19,7 

6.7 

n  n 

♦  4. 

102107 

649 

20.0 

24 

97 

8421 

490629 

32.7 

11.0 

n 

♦ 

834069 

1019 

164.9 

25 

52 

4541 

270179 

33,4 

10.8 

2.2 

783518 

1033 

150.8 

26 

0 

0 

0 

0. 

0. 

0. 

0 

0 

0. 

27 

75 

6668 

387164 

45.9 

16.7 

2.0 

2826296 

1465 

547.5 

28 

0 

0 

0 

0, 

0. 

0. 

0 

0 

0. 

29 

9 

999 

63588 

7.6 

2.4 

0. 

654956 

261 

92.7 

30 

0 

0 

0 

0. 

0, 

0. 

0 

0 

0. 

31 

78 

7051 

407228 

20.2 

6.9 

« 5 

895901 

636 

171,6 

32 

0 

0 

0 

0. 

0. 

0. 

0 

0 

0. 

33 

32 

2175 

119625 

8.7 

4.1 

.8 

131587 

278 

35,2 

34 

32 

2264 

121496 

9.5 

4.3 

.0 

218692 

300 

57,6 

35 

9 

999 

63588 

2.6 

1.3 

0. 

305222 

89 

43.2 

42 

6 

29 

1450 

.3 

.3 

0, 

289 

1 

1.2 

C.  14 


ocno-’s-^cooo-oo-co  in  sd  cn  -o 


.10  1979  No  Build  Alternative 


u 


h  >o  n  th  <r  «r 


o  o- 
rv  co 


ON  CO 

-a  <r  ro 
Tvl 


O'  IV  rv 

o 


U"3  CM  O' 


<r  >o  tn 


CM  O 


o-  oo  ■‘T 
*r  -r  rg 
rg 


rg  iv. 
rg 
ro 


cn  . — I  o 


o  ro 
rg 


O'  w  c  00  ffl 

S3  O  CM 

-h  ro  o* 


n  h  -o  n  <r  cs  o> 
n  n  n  n  oi  co  o 


rv  >o 


O' 

rg 


■o 

S3 

in  n  -h 


O  N  S3 
■*r  «r 
rg 
rg 


rg  sa  o  ©  o-  ro  o  o  r j  m 

in  n  oo-^i  cn  cn 

rg  rg  th  S3  eg  co 

cm  rg  in 


o  in  o 
sr  ro 
~s  O' 
o-  rg 
IO  so 
rv  m- 

S3 


S3 

IV 

ro 

r-H 

CD 

r\ 

o 

rg 

V 

CO 

S3 

© 

o 

in 

S3 

O 

-T 

CO 

in 

H 

in 

cm 

rv 

rH 

V 

O' 

CO 

S3 

rg 

in 

o 

CM 

rg 

r-H 

rv 

ro 

S3 

S3 

o 

CN 

CN 

o 

r-H 

© 

o 

o 

in 

S3 

CN 

O' 

CD 

CN 

CD 

ro 

o 

ro 

S3 

© 

rv 

CD 

rg 

ro 

S3 

rH 

ro 

CM 

ro 

in 

rg 

CD 

S3 

rg 

<r 

r*o 

•H 

o 

rg 

S3 

ro 

V 

in 

r-H 

<T 

O' 

S3 

in 

rg 

in 

tH 

ro 

<r 

0“ 

rg 

o 

ro 

r-H 

o 

O 

rg 

rH 

© 

o 

© 

© 

in 

rg 

T-H 

rg 

rg 

rg 

ro 

CO 

<T 

ro 

rH 

CO 

rg 

© 

in 

S3 

O' 

CO 

IV 

S3 

o- 

o 

o 

r-H 

o- 

© 

© 

ro 

r-H 

© 

IO 

ro 

rg 

ro 

CN 

rH 

CD 

rg 

O' 

O' 

in 

CO 

o 

in 

in 

O' 

rv 

in 

03 

rv 

CO 

IV 

S3 

CM 

CO 

CO 

V 

S3 

o 

rg 

S3 

2, 

CO 

© 

© 

O' 

CM 

00 

in 

rg 

rg 

tH 

rg 

S3 

(V 

in 

rg 

tH 

o 

O 

rg 

o 

in 

in 

'O 

rH 

o 

o 

ro 

in 

o 

© 

© 

© 

ro 

in 

01 

in 

S3 

W 

<r 

in 

rg 

in 

O' 

in 

S3 

rv 

CN 

CD 

r-v 

<T 

rv 

O' 

rg 

ro 

in 

S3 

tH 

r-H 

in 

ro 

o- 

r-H 

in 

03 

■H 

CD 

o 

IO 

rg 

ro 

S3 

ro 

O' 

<r 

<r 

CO 

o- 

IV 

S3 

rg 

ro 

tH 

CM 

S3 

S3 

in 

in 

r-H 

rH 

O 

O' 

r^H 

rg 

CS 

IV 

o 

rH 

o 

CD 

CN 

ro 

CO 

© 

o 

O- 

ro 

V 

in 

rg 

03 

S3 

in 

CN 

iH 

V 

in 

S3 

CD 

CD 

in 

O- 

*T 

rg 

m 

liO 

o 

CM 

rg 

r-H 

r-H 

O' 

r-H 

r-H 

© 

rg 

rH 

ro 

r-H 

IV 

S3 

in 

O' 

o 

in 

00 

in 

o 

r-H 

rg 

CN 

ro 

O 

© 

ro 

cm 

rv 

rg 

ro 

r-4 

o- 

rH 

r-H 

03 

h- 

20 

o 

CiC 

3 

c_> 

i— 

H— 

z 

Cl. 

03 

3 

3- 

HH 

U- 

o 

3: 

<r 

© 

CL 4 

)Xi 

o 

C_3 

M 

»-H 

3«C 

_i 

3Z 

2Z 

Z2Z 

2: 

CcC 

03 

cn 

03 

T-i  *r 

O  M  S3 


in  in 
rg 


ro  © 


CN 


CD 

o- 

in 

in 


rv 

rg 

coo 

rg 


C.  15 


GRAND  TOTALS  265  14428  792630  607 


1985  No  Build  Alternative 


u 


(V 

o 

o 

04 

t-H 

■43 

I'm 

CK 

rv. 

0-4 

im. 

ri 

04 

CO 

bO 

CO 

b3 

O  0-4 

'H 

•o 

CO 

'O 

«T 

CO 

<r 

CO 

0-4 

m3 

tH 

t-H 

▼H 

**T 

cs 

t-H  o 

04 

**T 

03 

m 

O' 

O  M3 

04 

o 

04  in 

CN 

00 

f 

IV. 

in 

in 

O 

03 

O' 

03 

t-H 

O' 

04 

03 

fH 

ro 

tH 

*T 

04 

O' 

'O 

in  M3 

rv 

O' 

—<  O 

o  o 

O' 

4-1  O  M3 

CO 

rv. 

04 

M3  O 

bT 

•H 

4-4  03 

O' 

t-H 

4-4  CO  o 

o  o 

iH 

in  © 

00 

4T 

in  co 

04 

ro 

<r 

O' 

03 

M3 

04 

•*r 

M3 

t-H 

4-4 

04 

4— 1 

m 

04 

04 

•'T 

M3 

03 

O' 

CO 

O' 

04 

o 

04 

b"3 

tH 

ro 

O 

© 

04 

M3 

04 

© 

O' 

t-H 

tH 

<r 

O 

tH 

rx 

03 

o 

CO 

in 

M3 

CO 

04 

03 

ro 

04 

in 

03 

<r 

<r 

© 

in 

CD 

b3 

M3 

O' 

O' 

O 

© 

C3 

© 

Co 

03 

O' 

o 

o 

"T 

ro 

rx 

m3 

04 

O' 

O' 

03 

o 

in 

M3 

CK 

<r 

03 

M3 

04 

in 

CD 

<r 

Cvl 

rv 

O' 

04 

04 

M3 

04 

© 

-o 

03 

T 

03 

tH 

O' 

ro 

M3 

ro 

ck 

I'M 

CO 

© 

04 

03 

O 

o 

«T 

M3 

CO 

CO 

O' 

fH 

04 

ro 

rx 

03 

t-H 

03 

O 

tH 

tH 

fH 

t-H 

tH 

tH 

o 

o 

04 

04 

© 

© 

© 

fH 

O' 

o 

m3 

ro 

03 

CD 

*3“ 

04 

rv 

O' 

CO 

o 

03 

O' 

O' 

o 

© 

tH 

03 

<r 

O' 

CO 

bl  -<r  4-1  CO  CM  CO  «r  M3  o 
m  — i  m  cj 


03  t-i  rv  o  o  >r  n  t-i  o  h  *-< 

*T  C4  O'!  S3  O 

03 


N'roNO'O'^in  -o  O'  ©  ©  rabies  04—1 


© 

«r 

O' 

in 

03 

03 

O' 

O' 

© 

0-4 

04 

t-H 

© 

© 

t-H 

O' 

t-H 

© 

CO 

bl 

m3 

04 

03 

© 

03 

in 

03 

O' 

t-H 

M3 

© 

03 

4 — 1 

4—1 

4—1 

O' 

© 

o 

O' 

bO 

© 

t-H 

M3 

4— ( 

© 

b"3 

O' 

© 

in 

o 

o 

in 

t-H 

in 

© 

© 

CO 

4—1 

in 

CD 

M3 

in 

© 

t-H 

CO 

O' 

bO 

I'M 

CD 

Os 

CO 

03 

b3 

04 

4—1 

in 

04 

in 

in 

rv 

© 

in 

O' 

fH 

© 

ro 

U3 

M3 

4—1 

CO 

O' 

t-H 

O' 

*r 

t-H 

CO 

M3 

O' 

03 

o 

in 

03 

o 

b"3 

03 

04 

O' 

04 

03 

04 

04 

M3 

b3 

M3 

t-H 

O' 

CO 

M3 

tH 

04 

4-1 

CO 

04 

CK 

M3 

03 

o 

04 

CD 

O' 

© 

in 

in 

O' 

© 

© 

CS 

fH 

O' 

© 

© 

O. 

o 

CM 

O' 

04 

trH 

O' 

M3 

O' 

M3 

4—1 

CO 

CD 

CS 

in 

03 

M3 

f 

03 

M3 

04 

03 

04 

T— 1 

■M- 

t-H 

t-H 

fH 

03 

03 

04 

4— 1 

04 

4—1 

f 

t-H 

4—1 

03 

O' 

4—1 

CO 

S3 

in 

CD 

O' 

in 

03 

in 

o 

t-H 

03 

04 

ro 

o 

o 

ro 

04 

O' 

© 

© 

CO 

CM 

04 

04 

in 

t-H 

4—1 

O' 

M3 

04 

03 

►— 

z 

O 

QC 

3 

C_3 

4- 

i— 

2: 

Ci_ 

03 

3 

>- 

» — ( 

Ll. 

o 

3 

O 

uC 

cn 

© 

<r 

© 

03 

CJ 

C-J 

t— 1 

i — i 

:*c 

21 

2= 

2: 

Z 

cc 

cn 

03 

03 

4“ 

4— 

—I 

<r 

4- 

O 

4— 

© 

Z 

<x 

uC 

CO 

C .  16 


12  2000  No  Build  Alternative 


o 


rs 

o 

n- 

CD 

rn 

rs 

O' 

rs 

CO 

04 

in 

CD 

rs 

© 

CD 

IS 

o 

<r 

rs 

rs 

S3 

rH 

T 

in 

o 

rs 

CD 

O' 

© 

© 

DO 

o- 

r-H 

© 

<T 

CD 

CO 

S3 

S3 

rH 

CO 

rs 

rs 

o 

rH 

rs 

r-H 

rv 

r-H 

© 

r-H 

rs 

rs 

rs 

04 

r-H 

ro 

in 

rs 

is. 

m 

03 

<r 

SO 

04 

rs 

© 

rs 

© 

S3 

03 

o 

© 

O' 

S3 

S3 

© 

r-H 

O' 

CO 

cm 

in 

Os 

o 

rn 

S3 

S3 

rs 

CO 

ro 

04 

r-H 

CD 

rs 

© 

CD 

in 

CD 

m 

CD 

r-H 

rs 

m 

O- 

<r 

O- 

r-H 

rs 

S3 

rs 

r-H 

rH 

rs 

rs 

ro 

rs 

o- 

04 

rn 


m 

r-H 

© 

CD 

Cr 

r-H 

©on- 

o 

r-H 

—i  © 

o  rs 

in 

n-  o 

rs 

in 

CM 

m 

o 

O- 

r-H 

04  S3 

r-H 

04 

o 

m 

CN 

r-H 

00 

© 

in 

m 

© 

r-H 

04 

rs 

IS 

in  m 

r-H 

IS 

rn 

<r 

in 

rs 

in 

r-H 

r\ 

© 

IS 

CO 

m 

O' 

rs 

rs  m 

IS 

CO 

O' 

in 

r-H 

T 

rs 

rn 

r-H 

rs 

rs 

O- 

03 

in 

<r 

0“  r-H 

<r 

r-H 

in 

rs 

in 

S3 

04 

in 

-o 

m 

m 

rs 

S3 

© 

04 

rs 

r-H 

03 

r-H 

o 

r-H 

r-H 

r-H 

r-H 

rs 

r-H 

M3 

S3 

rn 

IjD 

rs 

m 

rs 

in 

r-H 

CD 

in 

r-H 

04 

r-H 

n-  o 


rs  rs  rs  --i  o  ©  -r 


rOOOOrMCOOQD-^ 

-r 


CD  O'  CS  CD  CO  O  O'  S3 


CN  T-i  O  CD 


O'  ro  in 


m  o 


rs  »r  h  m  n  m  o  n  o  liDOo'T-rrr-JocNO' 

n  *h  ^  n  rtro  com  n  -on 

m 


T 

s3 


O-  ©  S3  S3  S3  ©  CN 

n- 


S3  tH  O  S3 


CD  o  -t 


in  03 


cs  t— i  in  cm  sa  cd  o  rs 
rs  in  r  s  s3  is 


S3  rs  cs  ©  o  n-  rs  O'  ©  in  rs 

M  Os  -s  '-I  S3  CM  CD 

04  th  Os 


r'loooso'ooomoooooosooin 


in  o  -  .  _  -  _  _  - 

IS  in  s  C4  «  N  O'  CD 

rn  <r  oj  os  UD  o  cd  s3 

O  TS  CO  s  CO  >T  M  CO 

o  r-4  in  is  S3  o 


ll3  rH  N  so 

0  n  on 
Os  ■c  <r 
Os  CO 
I'D 


so  <r  cm 

n-  rs  O' 
o  o  o 

N  H  O' 


cm  m 
-r  rn 

Qs  rH 

o 
cm  *r 


in  0-  —i«rsao*rcD©©o-'rrs©oo4.-tT©inin 
r-4  rs  Os  *r  -r  S3  <r  o  *  '  -  -  - 


CD 


ro  o-  r-4  cd  O'  r-4 
m  rS 


O'  -<t 
rs 
so 


rs  m 
in 


rs  cd  in 
m  m  S3 


cd  S3  in  -ri  r  -4  O'  o  in  o 
rs  ts  rn  m 


(DI-20CC3Uhh 
<x*x  caa  u  cjh  m  ic 


in  © 
in  co 
<r  <r 
rs 


oorssDOon--<TCoomrs 
rs  -h  »h  rs  rs 

in 

Cl(D3>hIi.030C£W 

ruzzccuuocni-i-J 

«x 

i— 

o 


<r 

L C 
CD 


C.  17 


.13  1985  Two-Yard  Directional  Alternative 


u 


■o 

m 

CN 

o 

in 

in 

m 

tH  o 

in 

.2 

O 

M 

CO 

<r 

in 

o 

CO 

in 

O' 

in 

cn 

M 

o 

CD  f-H 

o 

in  o 

rn 

rx 

m 

CO 

CO 

rH 

CD 

ro 

CN 

in 

m 

CO 

in 

rH 

ro 

CO 

rH 

rx 

o 

rH 

<1 

CO 

CN 

IO 

rH 

eg 

m 

rH 

rH 

rH 

rH 

CN 

eg 

IN 

CN 

<r 

ro 

eg 

O 

CD 

o 

in 

cn 

*r 

rx  xd  o  «r  in 

XD 

so 

IN 

O' 

o 

CN 

CO 

t 

CO 

CO 

S3 

xd 

m 

in 

rH  CO  tH  CO 

^r 

o 

00 

<r 

o 

M 

H 

IN 

in 

o 

in 

ro 

CO 

eg 

S3 

S3 

o- 

eg 

eg 

IN 

so 

in 

CO 

rs 

CN 

o 

in 

S3 

so 

eg 

CN 

o 

CN 

in 

rH 

CN 

rn 

«o 

rH 

XD 

o 

XD 

o 

rH 

o 

tH 

CN 

so 

rH 

rs 

CN 

rH 

o 

S3 

rN 

o 

CN 

O 

CO 

IN 

o 

CO 

m 

<r 

so 

xD 

CO 

rH 

eg 

IN 

CN 

o 

cn 

rg 

in 

«r 

CO 

o 

m 

in 

o 

CO 

in 

<r 

00 

rH 

© 

eg 

in 

CO 

o 

eg 

eg 

CN 

fx 

in 

<r 

ro 

rx 

CN 

XD 

r- ( 

SO 

rH 

rx 

IN 

rH 

CO 

eg 

CO 

m 

m 

o 

XD 

CO 

CO 

CO 

CO 

in 

o 

rH 

eg 

CN 

in 

o 

m 

rn 

<r 

CN 

rH 

m 

o 

© 

eg 

o 

o 

o 

o 

rH 

o 

o 

o 

O 

rH 

o 

rH 

so 

CN 

rs 

eg 

ro 

IN 

(N 

eg  rs 

in  in 

rH  fX  Qn 

eg  cn 

•r-l  CO 

rn  -< 

«r 

IN 

eg 

eg 

eg 

CO 

<r 

rH 

eg  in  o 

in 

-r-t  in 

in  rN 

CO 

.-i  CM  O 


o 

rs 

© 

IN 

rn 

m 

S3  IN 

S3 

m  in 

eg 

eg 

SO 

rN 

xD 

rH 

m 

-h  eg 

rH 

eg 

rH 

CN 

XD 

in 

o 

IN 

in 

© 

so 

S3 

rH 

o 

© 

CN 

o 

in 

CO 

in 

© 

n 

m 

ro 

CD 

IN 

CD 

m 

<r 

in 

rn 

in 

so 

IN 

«r 

CD 

so 

CN 

eg 

t-H 

CN 

so 

S3 

eg 

SO 

XD 

rH 

O 

in 

eg 

m 

eg 

in 

CO 

rH 

rH 

CN 

iH 

CN 

rH 

CN 

so 

rH 

© 

rH 

CN 

rx 

S3 

rH 

in 

eg 

CN 

S3 

© 

rH 

m 

XD 

rH 

CN 

rH 

CN 

m 

S3 

m 

CO 

XD 

rH 

eg 

rH 

CN 

eg 

rH 

CN 

C-4 

S3 

in 

rH 

rH 

rH 

m 

CO 

o 

<r 

m 

m 

55 

CD 

1— 

z 

o 

CcC 

Z3 

CJ 

h- 

V— 

z 

Cl. 

<r 

<Z 

A 

tXi 

o 

CJ 

w 

HH 

_i 

Z 

m  co 

CN  CO 

© 

eg 

in 

in 

CO 

-h  «T  © 

rH 

S3 

rH 

IN 

rH 

IN 

rn 

rH 

240, 

in 

0 

0 

5 

in 

rH 

© 

o 

© 

CO 

o 

«T  CD 

03 

in 

rn 

CN 

S3 

CN 

PX  rH 

rH 

ro 

eg 

in 

CN 

CN 

m 

CN  CN 

in 

o 

S3 

CN 

CN 

in 

XD 

IN 

fN 

rH 

CN 

CN 

o 

IS 

1 

CO 

© 

IN 

IN 

rn 

S3 

CD 

CO 

S3 

IN 

S3 

S3 

S3 

eg 

CO 

CN 

rH 

CN 

eg 

rH 

m 

03 

rn 

(N 

CO 

m 

rH 

rH 

rH 

rH 

CN 

rH 

m 

IX 

© 

eg 

IN 

rs 

S3 

*r 

CN 

m 

rH 

rH 

rH 

rH 

ro 

© 

m 

CO 

~T> 

>- 

i— i 

u. 

o 

3 

o 

cn 

CO 

23 

Z 

z 

oc 

CO 

CO 

CO 

h- 

h— 

_i 

<r 


o 


Cl 

Z 

<z 

CC 

CD 


C.  18 


.14  2000  Two-Yard  Directional  Alternative 


o 


1  'O  W 


O' 

o 

<T 

CN 

ro 

iH 

S3 

DO 

CN 

DO 

<r 

'O 

ro 

o 

CO 

o 

© 

CS 

P's 

DO 

DO 

-o 

ro 

O' 

t-H 

CN 

tH 

ro 

I-' 

rg 

© 

S3 

CO 

-o 

O' 

DO 

in 

HD 

rg 

CN 

O 

DO 

O' 

rN 

DO 

CO 

<r 

tH 

CN 

DO 

ro 

O' 

-o 

in 

tH 

hd 

ro 

s3  o  in  ro  ro  ©  i''- 


03  ro  rN 
n  cs  yi 


© 

DO 

-T 


CM 


1~0  <T  IN  O' 


o  <a-  in  o  O'  h 

H  0  0  O  ^ 

N  CN  SD  h 


DO  CD 
— ,  IN 

rs 

rg 


■<r  « 
cd  ro 
ro  « 
O' 


O' 

T—4 

CD 

T-H 

ro 

Pn 

O' 

t-H 

CD 

-o 

S3 

rg 

o 

iH 

IN 

IN 

© 

S3 

DO 

ro 

t-H 

<r 

© 

ro 

rg 

CO 

© 

-o 

03 

Pn 

S3 

•«r 

t-H 

S3 

CO 

ro 

DO 

S3 

CD 

S3 

T 

S3 

DO 

DO 

CO 

ro 

-O 

S3 

DO 

O' 

O' 

*H 

O" 

O' 

rg 

ro 

IN 

<r 

r- j 

CN 

«T 

<i 

DO 

o 

in 

o 

© 

CO 

iH 

<r 

ro 

O' 

rg 

CD 

rg 

S3 

t-H 

rg 

03 

CN 

DO 

O' 

© 

ro 

O' 

© 

cn 

CN 

T-H 

O' 

ro 

hd 

O' 

CO 

<T 

ro 

ro 

O" 

o 

tH 

CN 

t-H 

S3 

^H 

O' 

t-H 

ro 

tH 

t-H 

rH 

rH 

iH 

«T 

ro 

t— 1 

IN 

© 

O' 

ro 

ro 

ro 

00 

S3 

t-H 

o 

© 

© 

t-H 

© 

© 

© 

t-H 

© 

03  in  -■-i  o  ro  0'r'r'D0u00''0<r  -h  m  >  o  o  m  n 

rN  rg  rg  ro  cr-  -o  -c-  .-c  do  in  o  m  r>i  -o  in  -o  cj 

’-<1-0 


for-'-'ro'-o  'H'TN'OM'O-in 


S3  CD  *3"  ’—i  IN  IN  IN 


ro 

rg 

DO 

© 

CD 

CN 

T-H 

T-H 

ro 

t-H 

DO 

t-H 

O' 

© 

DO 

© 

03 

rv 

t-H 

rH 

rg 

T-H 

ro 

© 

T"H 

rg 

^H 

T-H 

t-H 

o 

© 

rg 

© 

© 

o 

<H 

t-H 

o 

o 

IN 

DO 

o 

© 

DO 

© 

rg 

© 

uo 

© 

DO 

DO 

S3 

O' 

ro 

ro 

© 

© 

IN 

O' 

O' 

in 

O' 

*T 

CO 

CN 

o 

DO 

<T 

© 

uo 

o- 

HD 

rx 

t-H 

o- 

© 

IN 

O' 

S3 

T-H 

DO 

CO 

rg 

co 

—« 

^H 

S3 

<r 

T-H 

uo 

^r 

HD 

D0 

UO 

S3 

DO 

O' 

CO 

t-H 

S3 

rg 

T 

CN 

ro 

in 

Ps 

CO 

t-H 

. — t 

rH 

O' 

CO 

ttH 

UO 

O' 

cn 

t-H 

t-H 

ro 

t-H 

© 

CN 

rH 

rg 

CD 

CN 

T-H 

t-H 

© 

-r 

<r 

O' 

© 

© 

CN 

CO 

IN 

CO 

t-H 

© 

CN 

DO 

o~ 

T-H 

in 

O’ 

HD 

CD 

IN 

ro 

© 

ro 

O" 

rg 

rg 

IN 

UO 

ro 

o- 

O' 

T-H 

CN 

t-H 

^H 

CN 

rg 

S3 

. — 1 

S3 

t-H 

o 

^H 

S3 

tH 

ro 

T-H 

CN 

S3 

rH 

rg 

tH 

t-H 

rg 

'O 

D0 

rg 

rg 

ro 

n 

ro 

o- 

ro 

© 

ro 

o 

© 

t-H 

t-H 

rg 

Pv 

rg 

ro 

rH 

o- 

CO 

rg 

CN 

T-H 

t-H 

^H 

CD 

►— 

Z 

o 

GC 

13 

CJ 

»— 

1— 

z 

Cl. 

tn 

z 

>- 

HH 

Li¬ 

CD 

3 

o 

<r 

<c 

Cm 

CO 

O 

M 

HH 

itC 

Z 

z 

z 

z 

Cd 

en 

03 

cn 

h- 

CO 

rH 

ro 


'O  o 
ro  do 
ro  — < 
CD  co 
—i  -r 


ro  in 

*3"  c 

r-j  o 

CD  -O 
CJ 

in  in 
ro  ■o' 
ro 


<z 

t— 

o 


<x 

uC 

CD 


C.  19 


.15  1985  Three-Yard  Directional  Alternative 


u 


,2 

sd 

in 

o 

t-H 

>0 

o- 

o 

ro 

DO 

O' 

CO 

O' 

SD 

cj 

o. 

ro 

ro 

ro 

CO 

CD 

CJ 

ro 

C-J 

O' 

© 

<r 

in 

T-H 

o 

ro 

CO 

ro 

^H 

ro 

ro 

<r 

ro 

CN 

ro 

cj 

O 

in 

CN 

sd 

T 

ro 

CN 

o 

iH 

ro 

iH 

T 

CO 

o- 

•o 

in 

CN 

IN 

ro 

t-H 

cj 

ro 

DO 

r>H 

CM 

cj 

■<r 

ro 

co 

C\l 

O' 

in 

sd 

H 

>0 

O' 

<r 

o- 

CM 

ro 

o. 

o 

DO 

CD 

CN 

ro 

T-H 

S3 

CD 

o 

"0 

in 

CM 

in 

O' 

t-H 

CD 

ro 

t-H 

co 

CS 

o 

r\ 

CN 

in 

iH 

O' 

ro 

O' 

T-H 

O' 

in 

ro 

T 

T-H 

o 

O' 

O'  O' 

in  — i 
-o 

— <  cj  co  sd 
sd  cj  eg  o- 


FO 


co  o  r g  n  n  in  o-  -o 

ro  «r  ©  ro  o-  -o  m 
o-MOi-iO'^-orv 

'-i  cn  -r  -h  ©  o 
co  in  O'  ro  ro  S3 
O  <  N 


ro 


"f  o>  o>  m  mo 

O  -O  tN  O'  O'  CD 

T  IO  sd  T  SD  O' 

cj  04  0-  co  -r  sd 

h  n  co  O'  w  co 

’-I  CO  CJ 

ro 


cj  ro  rs  ro 
O'  -o  in  'O 

t  co  -H  co 
«r  o.  ro  cs 
cj  co  sd  -o 
O.  rH  o 

O' 


*1  in  cm  o  in  ro 

—  ©  ©  CJ  —H  ©  © 


’-i  O'  co  cj  ro  O'  in 

O  O  O  O' 


O" 

CD 

CJ 

SD 

CO 

DO 

DO 

DO 

in 

O' 

Cs 

IN. 

CD 

SD 

CJ 

DO 

in 

© 

SD 

CJ 

O' 

CN 

O'! 

CM 

© 

ro 

DO 

CJ 

t-H 

SD 

ro 

0“ 

t-H 

in 

DO 

T-H 

t-H 

CJ 

rs 

CD 

ro 

© 

SD 

S3 

t-H 

O' 

© 

ro 

CJ 

ro 

DO 

© 

CO 

SD 

SD 

ro 

in 

IO 

in 

CN 

DO 

CO 

T-H 

O' 

DO 

H 

SD 

CJ 

© 

t-H 

o> 

S3 

IO 

DO 

DO 

SD 

O' 

T-H 

ro 

ro 

SD 

^H 

t-H 

t-H 

DO 

O 

CN 

o 

© 

SD 

SD 

SD 

© 

DO 

^H 

© 

DO 

© 

in 

DO 

T-H 

© 

DO 

DO 

CN 

in 

O' 

DO 

© 

•*r 

© 

in 

CO 

in 

ro 

DO 

CN 

o 

CO 

CD 

in 

CS 

<r 

rN 

o 

<r 

t-H 

CD 

DO 

SD 

T-H 

CO 

CO 

© 

CD 

O' 

CD 

CO 

T-H 

t-H 

ro 

O' 

© 

ro 

ro 

t-H 

© 

SD 

SD 

CJ 

ro 

CM 

T-H 

T-H 

IO 

O 

T-H 

CS 

DO 

© 

S3 

CJ 

SD 

O' 

ro 

ro 

CN 

DO 

CD 

t-H 

T-H 

DO 

ro 

T 

ro 

'O 

t-H 

DO 

t-H 

CJ 

O' 

CN 

o> 

© 

o 

T-H 

S3 

CJ 

SD 

T-H 

CO 

o 

O' 

© 

IN 

o. 

ro 

CO 

CN 

DO 

C\l 

cj 

o 

o. 

© 

t-H 

SD 

© 

^H 

© 

Cvl 

CN 

CO 

SD 

SD 

SD 

CJ 

T— H 

T-H 

CJ 

ro 

<r 

-O 

ro 

CD 

DO 

t-H 

CN 

CJ 

ro 

CJ 

IO 

T-H 

ro 

0D 

CJ 

CJ 

© 

t-H 

CJ 

T-H 

O- 

T-H 

T-H 

t-H 

t-H 

o 

'O 

© 

© 

O' 

ro 

t-H 

<r 

ro 

O' 

to 

O' 

o> 

CJ 

ro 

ro 

DO 

<r 

DO 

ro 

t-H 

ro 

ro 

O- 

T-H 

T-H 

T-H 

t-H 

t-H 

CJ 

CD 

i— 

3 

CD 

LtC 

3 

CD 

V— 

h- 

3 

Cl. 

CO 

3 

>- 

>-H 

n_ 

o 

— » 

o 

cn 

<r 

<x 

CCi 

Oh 

o 

CD 

»—H 

HH 

'XL 

— J 

31 

2Z 

3 

3 

uC 

CO 

un 

cn 

h- 

r- 

C.  20 


GRAND  TOTALS  302  18917  1065237  254 


.16  2000  Three-Yard  Directional  Alternative 


CJ 


rs 

0 

in 

cn 

O 

in 

o 

M 

in 

CO 

CD 

m 

S3 

r-4 

S3 

r-4 

CO 

f*3 

S3 

rs 

m 

CM 

S3 

o 

tH 

O 

r-4 

m 

iH 

m 

ro 

CO 

in 

CD 

ro 

in 

in 

in 

CN 

o 

IV. 

in 

cm 

in 

t-H 

r-j 

m 

^4 

ro 

T— H 

CN 

t-H 

r-4 

<r 

rs 

o- 

S3 

t-H 

CN 

PN 

•H 

CO 

CN 


cs 

0-4  -rH 

t-H 

o 

in 

CO 

S3 

ro 

rs 

CO 

S3 

m 

CO 

CN  t-H 

rs 

in 

in 

m 

ro 

CM 

tH  rH 

CN 

r-4 

in 

in 

S3 

rs 

ro 

o 

t-h  **r 

-r 

S3 

S3 

CN 

CN 

in 

r4 

S3 

o 

«r*H 

rH 

ro 

rs 

rs 

r*N 

rs 

in 

t-H 

rs 

o 

— ^  *  n 


in 

CN 

T-H 

CD 

S3 

1-3 

rs 

in 

t-H 

CO 

t-H 

© 

t-H 

ro 

S3 

CN 

in 

S3 

CM 

t-H 

CM 

rs 

O 

rs 

«T 

T-H 

NO 

<r 

1-3 

© 

1-3 

© 

S3 

T-H 

rs 

CN 

1)3 

CN 

<r 

S3 

•«r 

CN 

*«r 

1)3 

<T 

S3 

rs 

CN 

S3 

1)3 

CO 

rs 

rs 

<r 

1-3 

1-3 

CO 

S3 

rs 

S3 

in 

ro 

in 

T 

ttH 

O 

CN 

rs 

CN 

CN 

ro 

CM 

in 

© 

rs 

CM 

ro 

rs 

rs 

O 

CN 

S3 

CN 

03 

1-3 

CN 

CO 

rs 

rs 

“'T 

rs 

rs 

CM 

r-3 

© 

CN 

r-3 

ro 

fO 

o 

O 

CO 

© 

T-H 

t-H 

CN 

t-H 

rs 

t-H 

T-H 

t-H 

t-H 

•*T 

t-H 

ro 

CN 

03 

t-3 

rs 

CO 

© 

S3 

© 

CO 

S3 

t-H 

o 

o 

rs 

T 

T-H 

© 

ro 

o 

tH 

©  rs 

o 

S3 

<r 

CN 

ro 

S3 

00 

1)3 

in 

ro 

1)3 

rs 

rs 

CN 

rs 

NO 

CO 

03 

in 

rs 

CN 

rs 

ro 

<r 

S3 

S3 

rs 

t-H 

00 

CO 

(-3 

rs 

rs 

in 

•«r 

in 

t-H 

t-H 

ro 

rs 

S3 

CN 

S3 

t-H 

S3 

CO 

IN. 

© 

© 

ro 

1-3 

CD 

00 

00 

D3 

o 

in 

CO 

in 

rs 

CD 

1)3 

rs 

CD 

CO 

t-H 

S3 

S3 

t-H 

T-H 

T-H 

S3 

ro 

CN 

CD 

S3 

CN 

tH 

T-H 

<r 

T-H 

1-3 

t-H 

rs 

rs 

^H 

t-H 

in 

o 

rs 

o 

o 

o 

S3 

NO 

O 

in 

is 

in 

in 

in 

1)3 

© 

rs 

© 

in 

in 

S3 

in 

CO 

S3 

CN 

1-3 

S3 

in 

o 

CD 

1-3 

ro 

© 

CD 

T-H 

*<r 

03 

nO 

© 

rs 

rs 

CN 

in 

<T 

M3 

in 

CO 

cs 

1-3 

-r 

CD 

T-H 

CN 

1)3 

CO 

ro 

CO 

t-H 

t-H 

CD 

t-H 

in 

rs 

1)3 

rs 

S3 

S3 

o 

ro 

ro 

^H 

S3 

1)3 

<r 

t-H 

CN 

CM 

in 

rs 

CO 

t-H 

t-H 

t-H 

rv. 

CN 

1)3 

t-H 

t-H 

in 

CO 

rs 

CD 

t-H 

t-H 

m 

t-H 

ro 

CN 

in 

rs 

00 

rs 

03 

rs 

© 

rs 

rs 

IS 

T-H 

rs 

ro 

CO 

is 

CM 

'rH 

in 

rs 

rs 

CD 

CN 

T-H 

in 

m 

o 

CO 

rs 

nQ 

t-H 

in 

S3 

1)3 

r-4 

rs 

in 

1)3 

rs 

rs 

ro 

CN 

T-H 

rs 

t-H 

T-H 

rs 

r-o 

rs 

t-H 

S3 

CN 

rs 

© 

t-H 

1)3 

t-H 

ro 

tH 

CM 

S3 

^H 

rs 

^H 

T-H 

T-H 

o 

S3 

S3 

CM 

rs 

ro 

CO 

T-H 

•*r 

1-3 

m 

© 

IS 

rs 

t-H 

rs 

S3 

<r 

r- 

ro 

t-H 

ro 

t-H 

1-3 

rs 

rs 

t-H 

rs 

t-H 

tH 

T-H 

rs 

c n 

f-— 

o 

cc 

3 

CJ 

»— 

H- 

3 

Cl. 

03 

13 

3- 

*-H 

U- 

o 

3 

o 

uf 

<r 

<z 

au 

CD 

o 

CJ 

►— 1 

t-H 

JC 

3C 

z: 

2: 

2: 

CjC 

03 

CO 

03 

H" 

h- 

C.  21 


GRAND  TOTALS  351  26229  1488073 


.17  1985  Three-Yard  Bidirectional  Alternative 


o 


T 

o 

CN 

o 

rH 

Cvl 

in 

o 

in 

CN 

-o 

eg 

o 

rn 

in 

o- 

<T 

in 

-o 

m 

O 

rH 

-0 

CO 

Csl 

un 

in 

eg 

rH 

o 

CM 

<r 

rn 

eg 

rn 

S3 

in 

“T 

fN 

cn 

rv. 

U1 

in 

'O 

-3“ 

eg 

m 

eg 

Px 

eg 

rH 

rn 

Px 

CN 

Csl 

eg 

in 

▼—4 

rH 

rH 

o 

Cl 

CN 

1/3  rH 

CN 

in 

o 

*o 

in 

rH 

IN 

Cl 

eg 

o 

S3 

CN 

CN 

© 

CO 

m 

rn 

■»— *  o 

r-. 

CN 

CO 

IN 

o 

in 

o 

o 

rn 

rN 

CN 

in 

CN 

CN 

rH 

eg 

CN 

mt 

eg 

cn 

rN 

Cvl 

in 

r4 

o 

in 

in 

CN 

<i 

Cl 

M3 

o 

CN 

rn 

T 

CO 

IN 

eg 

rH 

CN 

CD 

CN 

M3 

rH 

CN 

in 

eg 

rH 

03 

03 

rH 

© 

«T 

rH 

rn 

rn 

rn 

rH 

M3 

CO 

in 

in 

rH 

M3 

M3 

IN 

CN 

M3 

rx. 

eg 

eg 

M3 

Cl 

-0 

© 

CN 

eg 

rN 

CO 

Cl 

rH 

IN 

rH 

CO 

rH 

S3 

M3 

CD 

IN 

CN 

03 

<3- 

rH 

Cl 

CD 

CO 

Cl 

CO 

rn 

03 

o 

eg 

eg 

© 

CM 

*T 

in 

m 

o 

IN 

in 

in 

IN 

eg 

in 

CN 

CN 

CO 

Cl 

IN 

in 

ro 

CN 

-3- 

Cl 

■o 

rH 

M3 

03 

CN 

CO 

in 

rH 

rn 

rH 

CN 

in 

(N 

rH 

IN 

CN 

•<r 

in 

rH 

CN 

CO 

rn 

rn 

CN 

eg 

•o 

CN 

eg 

T 

m 

fN 

rH 

00 

o 

o 

© 

© 

© 

rH 

© 

© 

© 

© 

in 

un 

rH 

in 

un 

eg 

rx. 

© 

Cl 

rn 

M3 

03 

rH 

IN 

M3 

© 

© 

eg 

© 

rH 

M3 

rn 

CN 

eg 

© 

eg 

CN 

eg 

rH 

rH 

Cl 

M3 

rH 

CO 

rH 

in 

eg 

bn 

bn 

rH 

rH 

eg 

CN 

rn 

- 

n- 

M3 

rn 

M3 

in 

© 

Px 

eg 

CM 

IN 

in 

00 

fN 

bn 

CN 

M3 

in 

CO 

rn 

M3 

IN 

o 

IN 

CD 

rn 

T 

rH 

rH 

M3 

Cl 

rn 

eg 

rn 

in 

eg 

CD 

rn 

eg 

M3 

rH 

eg 

rH 

o 

© 

CM 

© 

© 

M3 

rH 

M3 

o 

© 

CO 

un 

© 

un 

un 

© 

rn 

© 

© 

© 

© 

bn 

CO 

bn 

CO 

CN 

rn 

CO 

CN 

in 

M3 

© 

rn 

CO 

eg 

© 

rn 

CN 

Cl 

CN 

<r 

CO 

CN 

S3 

rH 

rH 

CO 

rn 

rn 

CN 

rn 

rH 

ro 

CD 

rH 

ro 

o 

rH 

rH 

M3 

eg 

CN 

CN 

CO 

rH 

M3 

eg 

CD 

o 

IN 

CN 

03 

IN 

bn 

ro 

rn 

rn 

rn 

eg 

un 

M3 

rH 

rH 

IN 

IN 

eg 

IN 

rn 

M3 

un 

rH 

CM 

o 

CN 

in 

© 

M3 

rH 

rn 

CO 

M3 

03 

px 

rn 

o 

IN 

px 

-*T 

eg 

M3 

CD 

CD 

eg 

CD 

IN 

rn 

rH 

rH 

CN 

rH 

CN 

CN 

M3 

03 

CN 

S3 

CN 

rn 

M3 

CN 

S3 

un 

T 

M3 

Cl 

CO 

m 

rH 

eg 

Cl 

S3 

rH 

CN 

*T 

rH 

IN 

rH 

CN 

eg 

rH 

rH 

rH 

rH 

m  S3  rx  o  o 

cn  co  in 

n-  n-  m 

n-  un  ©  eg  cn  in 

MD  in  m 

rH  rH  ro 

eg 

un 

rH  rH  rH 

eg 

cn 

h- 

2 

0 

ce: 

3  CJ 

h—  H- 

21 

u_ 

cn 

3 

>- 

►h  Li- 

CD 

ZB 

0 

cc 

<r 

«T 

1X4 

au 

C_3 

CJJ  H 

►H  ^ 

—J 

21 

20 

21 

2: 

12  cn 

cn 

tn 

1 — 

j— 

C.22 


GRAND  TOTALS  274  18024  1012811 


.18  2000  Three-Yard  Bidirectional  Alternative 
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NOTE:  Key  to  Train  Interference  Symbols: 

C  -  Class  Track  Pullout  Lead  Interference 
D  -  Receiving  Yard  Doubling  Interference 
H  -  Hump  Lead  Interference 
P  -  Pull  to  Hump  Lead  Interference 
R  -  Receiving  Yard  Lead  Interference 
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D.8  1985  Three-Yard  Bidirectional  Gateway  Yard  Hold-Outs 
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50714 

None 

— 

0 

115 

0 

4Q04 

ASML 
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None 
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0 

103 

0 
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ASML 

50735 

None 

— 

0 

48 

0 

2G11 

MBRG 

30820 

None 

— 

0 

40 

0 
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VJCT 

50923 

None 

— 

0 

85 

0 
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VJCT 
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None 

— 

0 

19 

0 
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VJCT 
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None 

— 

0 

93 

0 
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— 

0 

42 

0 
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; - 

0 

115 

0 
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VJCT 
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— 

0 
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0 

PG18 
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None 

— 

0 

38 

0 
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None 

— 

0 

57 

0 

VG09 

VJCT 
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None 

— 

0 

78 

0 

XG11 

VJCT 

51419 

None 

— 

0 

71 

0 

XD09 

VJCT 

51434 

None 

— 
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45 

0 

XG13 

VJCT 
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— 

0 

50 

0 

4E04 

ASML 

51541 

XG13 (R) 

51551 

10 

24 

240 

XG09 

VJCT 

51616 
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— 

0 

45 

0 

XD13 

VJCT 

51635 

None 
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0 

29 

0 

LR02 

ASML 

51707 

None 

— 

0 

94 

0 

LG06 

ASML 

51716 

None 

— 

0 

116 

0 

LG04 

ASML 

51757 

None 

— 
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141 

0 

XD15 

VJCT 

51800 

LG04 (R) 

51812 

12 

60 

720 

2G24 

MBRG 

51916 

None 

— 

0 

65 

0 

4R04 

ASML 

52040 

None 

— 

0 

39 

0 

NG22 

VJCT 
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None 

— 

0 

80 

0 

VG23 

VJCT 
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None 

0 

69 

63 

2,767 

0 

4,002 
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Train 

Route 

Arrival 

Interference 

Held  To 

Delay  - 
Minutes 

Cars 

Car- 

Minutes 

CG20 

VJCT 

50020 

None 

__ 

0 

67 

0 

-S06 

ASML 

50113 

None 

— 

0 

62 

0 

LG92 

ASHL 

50200 

None 

— 

0 

99 

0 

LD02 

ASML 

50252 

None 

— 

0 

155 

0 

6D01 

MBRG 

50306 

LD02(R,D) 
-S06 (P ,H) 
4E02 (R) 

50433 

87 

152 

13,224 

4E02 

ASML 

50409 

None 

— 

0 

12 

0 

-S02 

ASML 

50412 

6D01(R) 

50448 

36 

93 

3,348 

4G04 

ASML 

50433 

-S02 (R) 

50503 

30 

112 

3,360 

XG01 

VJCT 

50439 

4G04 (R) 

50518 

39 

93 

3,627 

4G02 

ASML 

50452 

XG01 (R) 

50533 

41 

66 

2,706 

XG30 

VJCT 

50530 

4G02 (R) 

50548 

18 

26 

468 

XD01 

VJCT 

50536 

XG30 (R) 

50603 

27 

52 

1,404 

XD05 

VJCT 

50543 

XD01(R) 

50618 

35 

8 

280 

-S04 

ASML 

50714 

None 

— 

0 

123 

0 

4Q04 

ASML 

50715 

None 

— 

0 

96 

0 

7G25 

ASML 

50735 

None 

— 

0 

65 

0 

2G11 

MBRG 

50820 

None 

— 

0 

54 

0 

XG03 

VJCT 

50923 

None 

— 

0 

130 

0 

MG26 

VJCT 

51020 

None 

— 

0 

26 

0 

XG05 

VJCT 

51132 

None 

— 

0 

151 

0 

CGI  2 

VJCT 

51145 

XG05 (R) 

51147 

2 

65 

130 

LR04 

ASML 

51206 

None 

— 

0 

148 

0 

XD07 

VJCT 

51237 

None 

— 

0 

76 

0 

PG18 

MBRG 

51240 

XG05 (D) 

51248 

8 

52 

416 

XG07 

VJCT 

51311 

None 

— 

0 

90 

0 

VG09 

VJCT 

51410 

None 

— 

0 

112 

0 

XG1 1 

VJCT 

51419 

VG09 (R) 

51425 

6 

110 

660 

XD09 

VJCT 

51434 

CG12 (P  ,H) 

51437 

3 

34 

102 

LD82 

ASML 

51439 

XGU(R) 

51440 

1 

125 

125 

XG13 

VJCT 

51536 

None 

— 

0 

84 

0 

4E04 

ASML 

51541 

XG13 (R) 

51551 

10 

37 

370 

XG09 

VJCT 

51616 

None 

— 

0 

68 

0 

XD13 

VJCT 

51635 

None 

— 

0 

19 

0 

LR02 

ASML 

51707 

None 

— 

0 

29 

0 

LG06 

ASML 

51716 

LR02 (R) 

51722 

6 

153 

918 

LG04 

ASML 

51757 

None 

— 

0 

102 

0 

XD15 

VJCT 

51800 

LG04 (R) 

51812 

12 

46 

552 

2G24 

MBRG 

51916 

None 

— 

0 

81 

0 

4R04 

ASML 

52040 

None 

— 

0 

56 

0 

XG72 

VJCT 

52138 

None 

— 

0 

81 

0 

NG22 

VJCT 

52340 

None 

— 

0 

48 

0 

VG23 

VJCT 

52350 

None 

0 

361 

94 

3,352 

0 

31,690 
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APPENDIX  E 

Daily  Yard  Operating  Costs 


E.l 
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Page 

Road  Key  E.2 

Table 


E.l 

1979 

No  Build  Gateway  Yard 

E.3 

E.2 

1985 

No  Build  Gateway  Yard 

E .  4 

E.  3 

2000 

No  Build  Gateway  Yard 

E.5 

E.  4 

1985 

Two-Yard  Directional  Gateway  Yard 

E.  6 

E.5 

2000 

Two-Yard  Directional  Gateway  Yard 

E.  7 

E.  6 

1985 

Three-Yard  Directional  Gateway  Yard 

E.  8 

E.  7 

2000 

Three-Yard  Directional  Gateway  Yard 

E.  9 

E. 8  ■ 

1985 

Three-Yard  Bidirectional  Gateway  Yard 

E.  10 

E.  9 

2000 

Three-Yard  Bidirectional  Gateway  Yard 

E.  11 

E.  10 

1979 

No  Build  Madison  Yard 

E.  12 

E.  11 

1985 

No  Build  Madison  Yard 

E.  13 

E.  12 

2000 

No  Build  Madison  Yard 

E.  14 

E.  13 

1985 

Two-Yard  Directional  Madison  Yard 

E.  15 

E.  14 

2000 

Two-Yard  Directional  Madison  Yard 

E.  16 

E.  15 

1985 

Three-Yard  Directional/ Bidirectional 

Madison  Yard 

E.  17 

E.  16 

2000 

Three-Yard  Directional/Bidirectional 

Madison  Yard 

E.  18 

E.  17 

1985 

Three-Yard  Directional  New  Yard 

E.  19 

E.  18 

2000 

Three-Yard  Directional  New  Yard 

E .  20 

E.  19 

1985 

Three-Yard  Bidirectional  New  Yard 

E.21 

E.  20 

2000 

Three-Yard  Bidirectional  New  Yard 

E.  22 

ROAD  KEY 


Road  ID 


Carrier  Name 


AS 

BO 

BN 

CR 

CW 

IC 

IT 

LN 

MK 

MP 

MS 

NW 

NY 

RI 

SF 

SO 

sw 

TR 


Alton  &  Southern 
Chessie 

Burlington  Northern 
Conrail 

Chicago  &  North  Western 
Illinois  Central  Gulf 
Illinois  Terminal 
Louisville  &  Nashville 
Missouri-Kansas-Texas 
Missouri  Pacific 
Manufacturers 
Norfolk  &  Western 
New  Yard 
Rock  Island 

St.  Louis-San  Francisco 
Southern 

St.  Louis  Southwestern 
Terminal  Railroad  Association 


Costs  shown  for  switch  carrier  traffic,  A&S, 
TRAA  and  New  Yard  were  allocated  among  the 
"line-haul"  roads  whose  cars  made  up  that 
traffic  (i.e.,  transfer  trains). 


NOTE: 


Daily  Yard  Operating  Costs  for  1979  No  Build  Gateway  Yard 
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GA 
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DU 

BI 

VE 

QT 

WA 

BR 

NM 

GR 

TT 

CY 

NY 

ID 

MO 

MA 

NG 
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Lenox 
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HN  Cabin 

40th  St.  L&N 

Southern  Junction 
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Valley  Junction 

Tolson 

Fox 

WR  Tower 

SH  Tower 

CP  Junction 

Willows 

Southern  Crossing 

Dupo 

Bixby 

Venice 

Q  Tower 

West  Approach 

Bremen 

North  Market 

Gratiot 

Tower  2 
"C"  Yard 

New  Yard 

ID  Tower 

MO  Junction 

Madison 

North  End  Gateway  Yard 
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Source:  CONSAD  Research  Corporation. 
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LINK  KEY 


Link 

Number 

1 

2 

3 

4 

5 

6 

7 

8 
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10 

11 

12 

13 

14 

15 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 
42 


Route 

Lenox  -  WR 
Lenox  -  NKP  Tower 
WR  -  Venice 
WR  -  SH 

West  Approach  -  Bremen 
West  Approach  -  SH 
SH  -  CP 

SH  -  NKP  Tower 
NKP  Tower  -  HN  Cabin 
Bremen  -  North  Market 
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CP  Jet.  -  Q  Tower 

CP  Jet.  -  Willows 
North  Market  -  Gratiot 
Q  Tower  -  Gratiot 

Q  Tower  -  Willows 

Willows  -  Southern  Crossing 

Willows  -  HN  Cabin 

HN  Cabin  -  40th  St.  L&N 

40th  St.  L&N  -  Southern 

Southern  Crossing  -  Valley 

Junction 

Soutern  -  Gateway 
Gratiot  -  Tower  Two 
Gratiot  -  Valley 

Valley  -  Tolson 
Valley  -  Dupo 
Valley  -  Gateway 
Tolson  -  Bixby 
Tolson  -  Dupo 
Dupo  -  Bixby 
Gateway  -  Valley 
M&0  Jet.  -  C  Yard 
C  Yard  -  Valley 
Q  Tower  -  Tolson 
Gratiot  -  Amtrak 


Owning  or 

Number 

Operating 
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Railroad 

Tracks 
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TRRA/CNW/NW 

1 

1.4 

A&S 

1/2 
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Road  Key 


Road  ID 


Carrier  Name 
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TR 


Alton  &  Southern 
Amtrak 

Burlington  Northern 
Baltimore  &  Ohio 
Conrail 

Chicago  &  North  Western 

Illinois  Central  Gulf 

Illinois  Terminal 

Mis sour i-Kansas-Texas. 

Louisville  &  Nashville 

Missouri  Pacific 

Norfolk  &  Western 

New  Yard  Transfers 

Chicago,  Rock  Island  &  Pacific 

St.  Louis-San  Francisco 

Southern  Railway. 

St.  Louis  Southwestern 

TOFC  Yard  Transfers 

Terminal  Railroad  Association  of 
'St.  Louis 


Source:  CONSAD  Research  Corporation 
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Daily  Operating  Costs  by  Link  for  1985  Three-Yard  Directional  Alternative  (continued) 
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Daily  Operating  Costs  by  Link  for  2000  Three-Yard  Directional  Alternative 
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Daily  Operating  Costs  by  Link  for  2000  Three-Yard  Directional  Alternative  (continued) 
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F.8  Daily  Operating  Costs  by  Link  for  1985  Three-Yard  Bidirectional  Alternative 
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Daily  Operating  Costs  by  Link  for  1985  Tbree-Yprd  Bidirectional  Alternative  (continued) 
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Daily  Operating  Costs  by  Link  for  2000  Three-Yard  Bidirectional  Alternative 
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Daily  Operating  Costs  by  Link  for  2000  Three-Yard  Bidirectional  Alternative  (continued) 
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.10  Daily  Operating  Costs  by  Operating  Railroad  for  1979  No  Build  Alternative 
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.18  Daily  Operating  Costs  by  Operating  Railroad  for  2000  Three-Yard  Bidirectional  Alternative 
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